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PREFACE. 


X  HE  Authors  of  Original  Papers  in  the  present  Volume, 
are,  Davies  Giddy,  Esq.  M.  P. ;  Mr.  O.  Gregory;  Mr.  Wib 
liam  Close ;  Mr.  John  Dalton ;  W.  N. ;  Mr.  Charles  Young ; 
Mr.  J.  Stodart ;  Count  Rumford,  V.  P  R.  S. ;  Mr.  G.  I. 
Singer  ;  J.  P.;  T.  S.  Traill,  M.  D. ;  G.  Cumberland,  Esq.;  , 
Mr.  S.  Clegg ;  Mr.  Dalton  ;  T.  I.  B. ;  T.  Plowman,  Esq.; 

F.  A. ;  N.  D.  Starck,  R.  N. ;  John  Gough,  Esq. ;  A  Cor¬ 
respondent;  An  Enquirer;  Mr.  Arthur  Woolf;  Mr.  Elizur 
Wright;  Thomas  Northmore,  Esq.;  Dr.  Beddoes;  Mr. 
Bancks. 

Of  Foreign  Works,  Professor  Proust ;  J.  H.  Hassenfratz; 

G.  A.  Lampadius;  Mr.  Prony ;  Beaunier ;  Gallois;  J.  B. 
Richter;  Mr.  Ritter;  Citizen  Bernoulli;  Vauquelin;  C.  A. 
Prieur  ;  Guyton  ;  Morveau  ;  Chaptal ;  Dr.  Valli ;  M.  Vau- 
cher ;  M.  Hauffman ;  Biot ;  Thenard  ;  Descotils ;  C.  L. 
Cadet;  Professor  Pfaff ;  Tromsdorf;  M.  Achard;  M.  Stein- 
acher;  M.  Giobert;  Humboldt;  M.  Lagoux  de  Flaix; 
M.  Dodun. 

And  of  English  Memoirs  abridged  or  extracted,  Hum¬ 
phrey  Davy,  Esq.  F.  R.  S. ;  Mr.  Rose ;  Benj.  Smith  Barton, 
M.  D. ;  Mr.  John  Hecke welder ;  J.  C.  Curwen,  Esq.  M.P.; 
Mr.  William  Bartram ;  Thomas  Andrew  Knight,  Esq. ;  Rev. 
D.  Pape ;  William  Herschel,  L.  L.  D.  F.  R.  S. ;  Charles 
Hatchett,  Esq.  F.  R.  S. ;  T.  C.  Hope,  M.  D.  F.  R.  S.  Ed. 
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PREFACE. 


Of  the  Engravings,  the  Subjects  are,  1.  Apparatus  for 
raising  Water,  by  Mr.  Close.  2.  Furnace  for  bending  Wood. 
3,  4.  Blowing  Engine  by  the  Fall  of  Water  af  Poullaouen. 
5,  6.  Apparatus  for  analysing  Vegetable  Soils,  by  FI.  Davy, 
Esq.  7.  Diagrams  to  explain  the  Doctrine  of  Heat,  by 
Count  Rumford,  V.  P.  R.  S.  8.  Magnified  Representation 
of  Insects  found  on  Corn,  by  G.  Cumberland,  Esq.  9.  An 
improved  Steam  Engine,  by  Mr.  Clegg.  10.  Simple  Register 
Thermometers.  11.  The  Framing  employed  to  raise  the 
Roof  of  Clapham  Church.  12.  An  improved  Sheep  Fold, 
by  T.  Plowman,  Esq.  13.  Applicative  Compass,  by  Capt. 
Starck,  R.  N.  14.  Section  of  a  Drain,  by  J.  C.  Curwen, 
Esq.-  15.  Diagrams  to  illustrate  a  Series  of  Piopositions  re 
specting  a  Division  of  the  Circle,  by  Mr.  John  Gough.  16. 
Schemes  exhibiting  the  Positions  of  the  new  Planet  Juno,  by 
Dr.  Herschel.  17.  Mr.  Pape’s  Improvement  of  Rye  Har¬ 
bour.  18.  A  new  Air  Pump,  by  Mr.  Wright  of  America. 
19.  New  Valve  and  Parts  of  a  condensing  Syringe  for  the 
Gases,  by  -Mr.  Cuthbertson,  with  which  Mr.  Northmore’s 
Experiments  were  made.  20.  A  very  simple  and  improve^ 
Graphometer,  by  Mr.  Bancks. 
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A  D  FEU  T IS  EM  ENT. 


THE  Patrons  and  Friends  of  the  Philofophical  Journal  are 
refpeSf idly  informed,  that  this  work  will  in  future  conjift  of  fix 
fleets  of  matter  inftead  of  five  in  each  number,  together  with  a 
fiupplementary  number  to  each  volume;  and  that  the  plates  will 
be  fo  managed  as  to  contain  a  larger  number  of  f objects  executed 
in  the  beft  ft  He.  Thefie  improvements,  though  attended  with  ad¬ 
ditional  expence,  are  fetch  as  the  Editor  has  thought  it  his  duty  to 
adopt ;  in  order  that  the  very  extenjive  communications  with  which 
the  Journal  has  been  honored,  might  not  prevent  him  from  giving 
all  the  foreign  difeoveries  and  finch  other  general  intelligence  as 
the  nature  of  the  plan  demands.  It  will  eajily  be  Jeen  that  the 
additional  copy  will  by  this  means  amount  to  one  half  more  than 
the  former  quantity ;  and  it  is  unnecefary  to  point  out  the  great 
advantages  which  muft  refiult  from  fuch  an  addition.  The  Editor 
takes  this  occajion  to  repeat  his  acknowledgments  for  the  encou¬ 
ragement  which  has  been  given  to  his  exertions,  particularly 
within  the  l aft  twelve  months,  in  which  the  fiale  has  nearly 
doubled ,*  The  quantity  of  original  matter  continues  to  increafc , 
and  amounts  to  more  than  half  of  the  whole  work.  Great  part 
of  the  remainder  conjifits  in  foreign  articles  never  before  publified 
in  this  country,  together  with  fome  extracts  and  abridgments  from 
our  beft  academical  tranf actions.  The  whole  publication  may 

therefore  be  conjidered  as  original ,  Jince  it  is  never  made  up  by 
extracts  from  the  periodical  works  of  this  country,  which,  on  the 
contrary,  very  frequently  copy  from  its  contents. 

*  It  has  been  neceflary  to  reprint  a  confiderable  part  of  the  former  volumes 
in  order  to  make  complete  fets,  which  may  now  be  had,  or  any  hngle  numbers 
or  volumes,  from  the  commencement. 
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ARTICLE  I. 

Letter  from  Davies  Giddy,  Efq.  M.  P.  defer  ibing  a  fngular 
Fad  of  the  invifble  Emiffion  of  Steam  and  Smoke  together  from 
the  Chimney  of  a  Furnace  ;  though  either  of  them ,  if  feparately 
emitted,  is  vifible  as  ufual. 

To  Mr.  NICHOLSON. 

•  •  * 

SIR,  Clifton ,  Augujl  6,  1805. 

Travelling,  and  a  variety  of  occupations,  have  hi-PeculIar  fa&s 
therto  prevented  me  from  fending  you  an  account  of  the  cir- ^kfng  one  of 
cumftances  obferved  by  myfelf  and  others,  during  the  work- Trevithick’s 
ing  of  an  engine  on  Mr.  Trevithick’s  conflru&ion,  at  Merthynfteani  enSines* 
Tidwell  in  South  Wales,  and  which  I  had  the  pleafure  of 
relating  to  you,  fome  time  fince,  in  Soho  Square.  I  now 
tranfmit  a  Aatement  of  the  fa6ts,  avoiding  all  comments  or 
attempts  at  explanation. 

Mr.  Trevithick  having  adapted  his  fleam  engine  to  the The  ftsam  en~ . 

r  r  •  •  i  °  ^  gine  was  adapted 

purpofe  of  moving  waggons,  contrived  every  accetTary  part  move  a  car¬ 
ds  light  as  he  poflibly  could,  and  as  little  inconvenient  to  per-ria8e>  and  ?yerJ 
Tons  who  might  aflift,  or  witnefs  an  experiment.  The  flueJj|J-^Jic. 
for  conveying  off  the  fmoke,  and  affording  a  draft,  was  made 
r.  VoL.iXII, — September,  1805r  £  of 
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invisible  emission  of  steam  and  smoke. 


The  fteam  was 
(after  work) 
thrown  into  the 
chimney  many 
feet  from  thp 
fire. 

Neither  fmoke 
nor  fteam  were 
vifible. 

When  the 
fmoke  was  flmt 
off  the  fteam 
was  vifible,  and 
when  the  lteam 
was  fhut  off  the 
fmoke  was  vi¬ 
fible. 


The  draft  up 
the  chimney  was 
increafed  by  the 
admiflion  of  the 
fteam. 


of  rolled  iron  ;  and  the  fteam,  which  wholly  efcapes  from  thefe 
machines  uncondenfed,  was  conduced  into  the  fame  tube, 
about  a  foot  above  its  infertion  into  the  boiler ;  therefore  many 
feet  from  the  fire,  and  beyond  the  regifter.  When  the  engine 
began  to  move,  it  was  foon  remarked  that  neither  fteam  nor 
fmoke  were  feen  to  ifiue  from  the  flue :  and  when  frefh  coat 
was  added,  nothing  more  than  a  faint  white  cloud  became 
apparent,  and  that  only  for  a  (hort  time  ;  nor  were  drops  or 
mift  vifible  any  where.  It  was  propofed,  that  the  regifter 
fhould  be  flowlv  clofed ;  and  as  this  was  done,  a  condenfatioii 
of  fteam  manifefted  itfelf  at  a  fmall  diftance  from  the  chimney, 
and  finally  appeared  in  the  fame  quantity,  as  if  it  had  pro¬ 
ceeded  immediately  from  the  boiler.  The  experiment  was 
then  reverfed.  The  fteam  was  gradually  confined  to  the 
boiler;  when  fmoke  became  more  and  more  vifible,  till  it 
equalled  in  quantity  and  appearance  that  commonly  produced 
by  a  limilar  fire :  and  thefe  trials  were  alternated  a  great 
number  of  times,  with  unvarying  fuccefs.  Laftly,  it  became 
a  matter  of  fpeculation,  whether  or  in  what  degree  the  draft 
was  affected  by  the  admiflion  of  fteam  into  the  flue.  To 

J 

afeertain  this,  every  one  prefent  looked  as  attentively  as 
poffible  into  the  fire-place;  while  the  engine  moved  at  the 
rate  of  a  few  ftrokes  in  a  minute;  and  all  agreed  in  de¬ 
claring,  that  the  fire  brightened  each  time  the  fteam  ob¬ 
tained  admiflion  into  the  chimney,  as  the  engine  made  its 
ftroke. 

I  am,.  Sir, 

i 

Your  very  faithful  humble  fervant, 

DAVIES  GIDDY. 


— — - 


II. 


On  a  Meteoric  Stone  that  fell  in  the  Neighbourhood  of  Sigena , 
-  in  Arragun,  in  1773,  by  Prnfejfor  Pit  oust*. 

Scones  have  Tl  HE  author  begins  his  paper  by  fome  previous  hiftorical 

fallen  from  the  fa(^s#  £tq  one  now  queftjons  that  ftones  have  fallen  from 
acmofphere  m  n 

various  agr.,  the  atmofphere  in  different  parts  oi  the  world.  The  ancients 

4  •  ■*f>  .  .  r  ‘  j  . 

#  Abridged  from  the  Journal  de  Phyfique,  for  March  1805. 
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mention  it  as  having  occurred  at  various  times,  and  later  ages 
have  recorded  the  time  and  authenticated  circumftances  of 
feveral  fuch  incidents.  In  our  own  days,  ftones  or  mineral  bodies 
termed  meteoric,  have  been  collected  in  the  Eaft  Indies, 

America,  Scotland,  England,  France,  Italy,  Hungary,  and  and  in  all  parts 
laltly  in  Spain :  and  that  nothing  may  be  wanting  in  tuture  to°^l^c 
convince  thofe  who  refufe  their  affent  to  the  united  teftimony 
of  all  ages  and  all  countries,  nature  appears  to  have  purpofely 
ordered  a  repetition  of  this  furprifing  phenomenon:  no  longer 
ago  than  the  26th  of  April,  1803,  a  (bower  of  thefe  Hones  Shower  of  ftones 
covered  a  fpace  of  ground  two  miles  long  and  above  a  mile  *n  1^°3* 
broad,  near  l’Aigle  in  Normandy.  The  French  Inftitute  im¬ 
mediately  nominated  a  commiflioner,  to  examine  into  the  fa6t 
on  the  fpot,  to  take  the  depofitions  of  witnefles,  compare 
them  with  the  circumftances,  and  bring  fome  of  the  ftones  to 
Paris. 

As  the  firft  thing  to  be  done  with  a  new  mineralogical  fub-  Analyfis  of 
ftance,  is,  to  analyfe  it,  the  Prefident  of  the  Royal  Society  °f  Mr* 

London,  and  feveral  other  gentlemen  who  had  fuch  ftones  in  Howard, 
their  collections,  put  them  into  the  hands  of  Mr.  Howard,  a 
Member  of  the  Society,  that  he  might  fubjeCt  them  to  chemical 
examination.  He  found  to  his  great  l'urprife,  that  all  thefe  who  found  them 

ftones,  from  the  remoteft  quarters  of  the  globe,  contained  *)*  fl!n^ar  *n 

1  #  °  their  compou«> 

the  fame  principles,  differing  only  in  proportion;  and,  what  tion* 

was  ftill  more  ftriking,  that  they  all  contained  iron  combined 

with  nickel,  a  compound  to  be  met  with  among  none  of  the 

minerals  in  any  part  of  the  globe  with  which  we  are  acquainted. 

Vauquelin  has  frnce  confirmed  by  repeated  experiments,  the 

accuracy  of  Mr.  Howard's  observations.  All  men  of  fcience  They  have 

have  hence  been  led  to  conclude,  that  thefe  ftones  muft  have  therefore  a 

a  common  origin;  but  whence  they  originate  is  the  queftion.  commononSin* 

Do  they  belong  to  that  earth  on  which  they  fall?  are  they  but  whence  ? 

formed  in  the  atmofphere  itfelf?  or  have  they  been  projected 

from  lunar  volcanoes  ?  On  thefe  pointsmen's  fentiments  are 

divided  ;  and  the  arguments  have  been  collected  by  Dr.  Izarn, 

in  his  Lukologie  Atmofphcrique. 

One  of  thefe  ftones  has  been  in  the  royal  collection  at  0ne  ’n  the  C°F 
Madrid  ever  fince  1773.  This  the  minifter  has  allowed  Madrid^ 

Mr.  P.  to  analyfe,  leaving  the  principal  part  of  it  ftill  in  the 
collection  for  the  fatisfaCtion  of  the  curious.  The  following 
letter  was  fent  with  it  to  Don  Manuel  de  Roda,  Minifter  of 
State,  by  the  captain-general  of  Saragofla. 

B2  r  “la 
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Aeeount  of  its  **  In  November  laft  an  extraordinary  occurrence,  faid  to 
have  happened  on  the  Seventeenth  of  that  Month  in  a  ploughed 
field  at  Sena,  a  village  in  the  diftricl  of  Sigena,  was  the  fub* 
je6l  of  converfation  in  this  city. 

4<  The  Iky  being  perfectly  ferene,  three  reports  refembling 
thole  of  cannon  were  heard,  and  followed  by  the  fall  of  a 
Hone  weighing  nine  pounds  and  one  ounce,  at  a  little  dillance 
from  two  labouring  men.  One  of  them  went  up  to  it,  but 
the  Itrong  imell  it  emitted  flopped  him  a  moment. 

**  Recovering  from  his  furprife  lie  went  nearer,  raifed  it  up 
with  his  fpade,  and  waited  till  it  was  fufiiciently  cold  for  him 
(o  carry  it  to  the  village,  where  he  delivered  it  to  the 
prieft, 

t(  From  inquiries  made  immediately  afterwards  on  the  (pot, 
and  among  the  people  in  the  neighbourhood,  it  appears,  that 
the  noife  in  the  air  and  fall  of  the  ftone  were  not  accompanied 
with  any  ftorm,  or  with  lightning/' 

To  bring  into  one  view  all  that  is  vet  known  of  Hones  fall¬ 
ing  in  Spain,  the  author  fubjoins  a  letter  of  the  Bachelor 

atRoa  in  Spain,  Cibdadreal,  on  thofe  that  fell  in  the  village  of  Roa,  near 
in  1438, 


Another  mete© 
ric  fhower  of 
ftones  that  fell 


in  the  view  of 
the  King  of 
Spain. 


covered  with 
them. 


Burgos,  in  1438. 

“  While  the  King  Don  John  and  his  court  were  hawking 
near  the  village  of  Roa,  the  fun  was  concealed  behind  white 
clouds,  and  bodies  refembling  gray  and  blackifh  (tones  were 
feen  to  fall  from  the  air,  of  fueh  bulk  as  tooccafion  the  greateft 
furprife. 

The  ground  was  t(  After  this  phenomenon  had  continued  for  an  hour  the 
fun  re-appeared,  and  the  falconers  immediately  rode  to  the 
place,  which  was  not  above  a  mile  diftant.  They  brought 
back  information  to  the  king,  that  the  ground  was  fo  com¬ 
pletely  covered  with  Hones  of  all  fizes  as  not  to  be  vifible. 

“  The  king  would  have  gone  thither,  but  his  courtiers 
prevented  him,  obferving,  that  a  place  chofen  by  Heaven  for 
the  theatre  of  its  operations  might  not  be  free  from  danger, 
and  that  he  had  better  (end  fome  of  his  attendants.  Gomez 
Bravo,  the  captain  of  his  guards,  undertook  the  office.  He 
brought  four  of  the  Hones  to  Roa,  whither  the  king  had  already 
retired.  They  were  of  confiderable  fize:  fome  were  rouncf, 
and  as  large  as  a  mortar,  others  like  pillows  and  luilf-Jun  (fit 
nxtrcmely  light,  meafu res  (fuch  as  contain  about  45ibs  weight  of  corn,)  but 
what  w  as  molt  aftonifoing,  was  their  exceflive  liglnnefs,  hare 
V  lb* 


Thefe  lucres 

were  very 
large. 
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the  larged  did  not  weigh  half  a  pound.  They  Were  of  fuch  and  of  afeadqr 
a  tender  texture,  that  they  refembled  the  foam  of  the  fea 
condenfed  more  than  any  thing.  You  might  ftrike  on  them 
with  your  hand  without  fear  of  bruife,  or  pain,  or  the  flighted 
mark.  The  king  has  ordered  fome  to  be  lent  you,  &tc.” 

It  feems  from  this  defcription,  that  thefe  ftonesi  niuft  have 
been  very  different  from  thole  of  the  prefent  day* 

The  done  of  Sigena,  w'hen  delivered  to  Mr.  Proud,  weighed  The  ftone  of 
fix  pounds  ten  ounces.  With  it  was  a  piece  of  three  or  four  g 
ounces,  the  only  one  remaining  of  thole  that  had  been  broken 
from  it  by  curious  perfons.  It  was  interfperfed  with  fpots  of  Interfpcrfed  with 
rud,  both  externally  and  internally,  ownng  probably  to  its 
having  been  immerfed  in  water  to  try  the  effeft  of  that  fluid 
on  it.  From  thefe  however,  fome  inftrudlive  inferences  may 
be  drawn  refpecting  the  native  place  of  thefe  dones. 

Its  fliape  is  an  irregular  oval,  feven  or  eight  inches  long,  Its  fiSurc» 
four  or  five  broad,  and  four  in  its  greated  thicknefs.  One  fide 
is  flattifh,  a  little  deprefled  in  the  middle,  and  very  round  on 
the  edges :  the  other  is  an  obtufe  triedral  pyramid  with  un¬ 
equal  fides,  greatly  rounded  at  the  fummit  and  on  the  edges*. 

It  appears  to  have  had  the  black  vitreous  crud  common  to  a  vitreous 
dones  of  this  kind,  though  from  its  fragility  the  gfeater  part 
has  fallen  olf  in  palling  through  many  hands  and  receiving 
occafional  blows,  fo  that  none  remains  except  in  the  hollow 
of  the  bafe,  and  a  little  on  the  faces  of  the  pyramid. 

On  examining  this  crud  it  is  eafy  to  fee,  that  it  mud  have  This  mu  ft  have 

been  the  efTed  of  heat  fubfequent  to  the  formation  of  the  ^",0 lent  ml- 

done,  and  unquedionably  very  powerful  though  momentary  ;  mentary  heat 

fince  the  metallic  and  fulphureous  particles  immediately  f?ncc  its  forma' 

•  »  i  |  f  tionu 

beneath  the  crud  had  not  time  to  change  colour,  or  even  lofe 

their  ludre.  •  . 

It  has  all  the  porofity  of  an  aggregated  mafs  of  Tandy  It  is  porous, 
particles  without  any  cement,  fo  that  the  breath  will  eafily 
pafs  through  a  piece  held  between  the  teeth.  It  will  not  not  very  hard, 
drike  fire  with  deel,  and  the  fame  may  be  faid  of  the  pyrites 
it  contains. 

Its  colour  is  a  uniform  bluifh  gray,  like  that  of  a  black  fub-  of  a  bluilh  gray* 
dance  enlightened  by  a  white  :  it  is  the  hue  of  an  earthy  com¬ 
pound  tinged  by  iron  oxided  at  a  minimum. 

*  Does  this  defcription  agree  with  what  is  faid  above,  that  feveral 
pieces  have  been  broken  from  it?  Apparently  above  a  quarter  of 
the  done,  on  comparing  its  original  and  prefent  weight,  J.  C. 

The 
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It  il  a  fandf 
xna<s 

in  erfpcrfrd  with 
meta  lie  a  id 
fulpSueous 
particles. 

Its  granules  are 
cryftallinc. 

yioJl  *"11  i 
i-  \  it»  i  r  .si 


K<*at  deepened 
its  colour, 

ard  oxided  the 
metal. 

G  eater  heat 
fufed  it* 


It  contained 
much  magnetic 
iron, 

combined  with 
nickel. 


ConAituent 
parts  of  the 
remainder. 
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The  (lone  it  fell  is  a  fandy  mafs,  formed  of  rounded  oval 
grains,  the  larged  of  which  are  fcarcely  bigger  than  hemp- 
feed,  among  which  are  interfp^rfed  metallic  and  (ulphu- 
rious  particles  with  all  their  primitive  lufl'e,  and  particularly 
with  that  light  tint  of  kupfernickel  oblerved  in  the  other 
ftones.  On  examining  the  earthy  grains  by  the  microfcope, 
we  perceive,  that,  far  from  having  been  fafliioned  by  the 
movement  of  water,  they  are  globules  rough  with  cry tlal line 
or  reflecting  points,  fo  that  they  can  by  no  means  be  con¬ 
founded  with  fand. 

'  *  '  •  >  t  •  1f  *  f  i 

A  piece  of  about  two  inches  being  expofed  to  a  red  heat 
in  a  crucible  for  half  a  quarter  oi  an  hour  was  much  changed  : 
the  Tandy  globules  became  of  a  darker  gray,  and  the  metallic 
particles,  diverted  of  their  luftre,  were  vifibly  oxided. 

About  two  ounces  were  heated  for  half  an  hour  in  a  forge 
(ire,  which  converted  the  (lone  into  a  femivitreous  mafs, 
blackifti,  and  (lightly  porous.  It  did  not  appear  to  have 
effervefeed  much  previous  to  fufion,  and  was  interfperfed  with 
globules  of  iron,  which  had  not  time  to  defeend,  though 

upwards  of  a  hundred  grains  of  a  regulus  were  collected  at 
the  bottom. 

The  iron  a'tra£iable  by  the  magnet  was  not  uniformly 
mixed  in  the  (lone,  as  from  feme  parts  22  in  the  100  were 
ext  lasted,  from  others  not  more  than  17. 

This  iron  was  combined  with  nickel  in  the  proportion  of 
about  3  per  cent.  I\o  nickel  was  difcoverable  in  any  other 
part  of  the  (lone.  ✓ 

Afier  this  alloy  w  as  feparated  by  the  magnet,  the  remainder 
of  the  (lone  was  found  by  analyfis  to  confirt  of, 

Iron  fulphurated  at  a  minimum 
Black  oxide  of  iron  ... 

Silex 

Magnefia  .... 

Lime  and  magnefia  in  quantities  too  fmall 
to  be  appreciated 


12 

5 

66 

20 


103 

New  hypothecs.  On  confidering  the  rapid  alteration  of  thefe  (tones  bv 

probaby  in  the  mo,,fure'  tor  *  fragment  kept  twelve  hours  under  water  was 
polar  regions,  taken  out  covered  with  fpots  of  rurt,  which  diflinguiflied  the 
grains  of  alloy  from  the  fulphureous  particles  with  which 
they  were  before  confounded  ; — it  is  obvious,  according  to  the 

author 
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author,  that  they  cannot  fubfift  in  any  of  the  habitable  parts 

of  the  globe.  But  from  the  eternal  cold  of  the  polar  regions, 

where  water  remains  for  ever  a  folid  mafs,  and  iron  cannot 

ruft,  he  thinks  we  may  reatonably  look  to  thefe  regions  as  the 

native  place  of  fuel)  bodies.  In  this  he  infills  there  is  nothing 

impollible,  or  even  improbable.  And  why  Ibould  thole  whence  they 

meteors,  he  demands,  of  which  we  know  neither  the  origin,  othe^parts^  C° 

the  combuftibles  that  afford  them  aliment,  the  impulfe  by  meteors. 

which  they  are  moved,  nor  the  nature  of  the  lines  they 

deferibe  in  their  courfe,  be  lefs  capable  of  tearing  them  froriy 

fome  part  ol  the  globe,  than  of  forming  them,  contrary  to 

all  phyfical  probability,  from  elements  which  the  atmofphere 

can  neither  create  nor  hold  in  folution  ? 


III. 

Farther  Remarks  on  Mechanic  Power,  in  Reply  to  Mr.  J.  C. 
Hornbloiuer .  In  a  Letter  from  Mr .  O.  Gregory,  Royal 
Mil.  Academy. 

To  Mr.  NICHOLSON. 

SIR,  .  ,  ! 

I  AM  forry  to  be  under  the  neceffity  of  troubling  you  with  Prefatory 
a  few  obfervations  for  infertion  in  your  Journal,  in  confequence  remart,‘ 
of  being  called  upon  by  Mr.  Hornblower,  as  though  it  were 
to  defend  fome  newfangled  doctrine,  when  the  politions  in 
my  former  letter,  which  that  gentleman  thinks  proper  tocen- 
fure,  are  in  perfe6t  conformity  with  the  principles  alfumed  or 
demonftrated  by  every  corredf  writer  on  mechanical  philofophy 
fince  it  has  been  placed  upon  its  proper  bafis  in  the  Principles 
of  Newton.  The  fubjedt  I  am  now  invited  to  dilcufs,  has  fo 
frequently  been  exhibited  in  the  cleareft  light  by  various 
authors,  both  in  England  and  on  the  Continent,  that  I  fhould 
not  think  myfelf  juftified  in  occupying  many  of  your  pages 
by  an  elaborate  differtation  ;  out  of  regard,  however,  to  fo 
refpedfable  a  correlpondent  as  Mr.  H.  I  cannot  help  entering 
a  little  into  the  difeuflion,  though  I  am,  I  confefs,  quite  unable 
to  afeertain  whether  his  Iafl  letter  is  meant  to  oppofe  my  former 
remarks,  and  thofe  of  Profelfor  Robifon  with  ferious  argu¬ 
ments,  or  is  merely  intended  as  a  Jen  d’efprit. 


It 


8 


Are  animal 

exerti  n  and 
mechanic  power 
identical  ? 


Rife  and  ap¬ 
plication  of  the 
terms,  force, 
power,  &c. 
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It  will  notr  I  hope,  be  e^pcfted  that  I  thould  point  out  in 
W  al  mftances  Mr.  H’s  remarks  appear  C6  me  completely  ir¬ 
relative  to  the  fubjea  In  hand  ;  or  thofe  in  which  he  Teems  to 
hay-  mtlunderfiood  the  arguments  of  the  late  leared  Profelfor : 
tuch  a  procedure  would  only  l&fd  into  farther  difcuflion,  while 
I  feel  folifcitous  to  avoid  it,  from  a  confcidufnefs  that  it  would 
be  very  nninterefting  to  moll  of  yout  readers.  I  (hall  drive 
to  confine  mytelf, -therefore;  to  fuch  of  Mr.  H’s  enquiries  as 
bear  upon  the  point  in  dilute,  and  for'  (he  fake  of coridenfing 
ray  labour,  fhall  begin  with  that  in  his  pofifcript. 

knfi  then,  I  will  endeavour  td  “  fet  Mr.  H.  right  as  to  the 
identity  of  animal  exertion  and  mechanic  power:”  and  to  this 
end  it  will  be  reqaitite  to  anfwer  the  quefiion,— what  is  me¬ 
chanic  power,  exc.utling,  for  the  prefent,  that  acceptation 
of  the  term  in  w  hich  it  is  underfiood  to  denote  one  of  the  fix 
fimple  machines.  Now,  it  is  |)relly  obvious,  that  the  terms 
power,  force,  &c.  when  ufed  in  mechanical  feience  are 
rurely  metaphorical ;  for,  as  Profelfor  Dugald  Steward  re¬ 
marks,  (Elements  of  the  Philaffta,  of  the  Human  Mind, 
p.  202.)  “  All  the  languages  which  have  hitherto  exified  in 

the  world,  have  derived  their  origin  from  popular  ufe ;  and 
their  application  to  philofophical  purpofes  was  allogether  out 
of  the  view  of  thofe  men  who  firft  employed  them."  Language 
commenced  amongft  fimple  men,  who  had  little,  if  any  ac¬ 
quaintance  with  what  is  now  called  feience:  and  in  the 
gradual  progrefs  of  mbit  nations,  from  the  favage  to  the 
fliepherd  fiate,  thence  to  the  agricultural,  and  farther  to  the 
commercial  fiate,  it  would  be  very  long  before  they  would 

in  ;  of  attaching  any  other  meaning  to  the  terms  in  the  dil- 
lerent  languages,  correlponding  to  power,  force,  aclion,  re- 

l  a"‘e’  rei>u’fion,  &c.  than  thole  which  were  manifeftly  re¬ 
ferable  to  the  different  kinds  of  human,  or  ol  animal  exertion: 
in  fubfequent  times  when  fcienillic  men  began  to  claflify 
arrange,  and  fyftematize  the  phenomena  which  they  obferved 
in  the  congrefs,  motion,  and  mutual  operation  of  bodies,  they 
found  it  much  eafier  to  denote  the  circumflances  they  would 
efcribe  or  treat  of,  by  a  figurative  application  of  old  terms, 
o  which  tome  analogous  notions  would  necefiarily  be  attached 
>y  every  per/on,  than  to  invent  new  ones,  which  would  be 
attended  by  no  ideas  independant  of  an  arbitrary  definition. 
Nor,  tn  Uus  application,  was  there  any  danger  of  important 

error 
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error,  for  the  things  to  which  the  terms  were  approprfated 
vYouId  exhibit  fuCh  fpecilic  differences  as  vvouM  almdff  entirely 
preclude  the  chance  of  confounding  one  with  anofhti  ;  and 
Jeave  no  room  to  fear,  that  when  the  terms  were  applied  to 
inanimate  beings,  they  would  be  concluded  to  exert  ffrength, 
or  to  poffefs  power,  as  animals  did  ;  any  more  than  we  fhould 
now  fear  being  mifunderftood  when  we  fpeak  of  the  force  of 
arguments,  the  attractions  of  benevolence,  the  fafeinafions 
beauty,  or  the  repulfive  tendency  of  envy.  Thus,  from 
contemplating  the  procefs  of  this  gradual  refinement,  (a  re¬ 
finement  produced  not  by  barren  (peculators,  but  by  the 
necellary  demands  occationed  by  the  progrefs  of  civilization,) 
we  fee  that  the  wrords  power  and  force,  primarily  ufed  to 
denote  animal  energy,  are  now,  by  a  natural  eXtenfion 
grounded  upon  an  obvious  analogy,  employed  to  exprefs 
efficiency  in  general.  It  will  hence  be  eafy  to  affign  the  proper 
philofophical  acceptation  of  thefe  terms,  when  ufed  in  the 
fcience  of  mechanics.  Force  or  p oner,  in  a  mechanical  Jenfr,  Definition  of  tha 
is  that,  -whatever  it  be  which  caufes  a  change  in  the  fate  of  ^  power ^ 
body,  whether  that  fate  be  ref  or  motion.  This  definition  does 
not  require  our  entering  into  any  metaphyfieal  difquifitions 
relative  to  the  nature  of  caules,  or  the  connection  of  caufe 
and  effeCt :  that  every  event  is  brought  about  by  fome  caufe, 
that  is,  by  fome  agency,  or  fomething  which  precedes  in  the 
order  of  occurrence,  is  a  truth  which  I  think  none  will  be 
difpofed  to  deny;  but  what  is  the  agency,  or  where  it  actually 
refides,  we  can  feldom  know,  except  perhaps  in  the  cafe  of 
our  own  voluntary  aCtions.  It  is  not  then  the  bufinefs  of  the  Forces  only 
mechaniff,  ffriCtly  fpeaking,  to  enquire  into  the  modus  operandi;  ^ 

we  learn  from  univerfal  experience,  that  the  mufcular  energy  thence  meafure- 
of  animals,  the  operation  of  gravity,  electricity,  impaCt,  a^ie* 
preffure,  &c.  are  fources  of  motion,  or  of  modifications  of 
motion  ;  and  hence,  without  pretending  to  know  any  thing 
of  the  effence  of  either  of  thefe,  we  do  not  hefitate  to  call 
them  mechanical  forces  ;  becaufe  it  is  incontrovertible  that 
bodies  expofed  to  the  free  aCtion  of  either,  are  put  into  motion, 
or  have  the  fiate  of  their  motion  changed.  Forces  therefore, 
being  only  known  to  us  by  their  effeCts,  can  only  be  meafured 
by  the  effects  they  produce  in  like  circumftances,  whether 
thofe  effects  be  creating,  accelerating,  retarding,  deflecting, 

«r  preventing  motions:  and  it  is  by  comparing  thefe  effects. 


or 
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Animal  efforts 
are  a  fpecies  of 
mechanic  power* 


Reply  to  Mr. 
H’s  remarks  on 
a  former  ftate- 

tnent. 


or  by  referring  them  to  fome  common  meafure  of  ready  ap¬ 
preciation,  that  mechanics  is  made  one  of  the  mathematical 
fciences  *. 

Thefe  obfervations  will  enable  us  to  fet  Mr.  H  “  right  as 
to  the  identity  of  animal  exertion  and  mechanic  power.”  Animal 
efforts  are  juflly  confidered,  both  by  the  Mathematician  and 
the  pradical  Engineer,  as  confiituting  one  fpecies  of  mechanic 
power  ;  when  thefe  efforts  give  to  bodies  equal  momenta,  or 
give  to  equal  bodies  equal  velocities,  it  is  truly  faid  the 
animals  exert  equal  forces;  and  we  fay  that  animal  pow’er  is 
greater  or  lefs,  as  it  is  capable  of  imparting  to  bodies  greater 
or  lefs  momenta,  or  as  it  is  capable  of  flopping  bodies  moving 
with  greater  or  lefs  momenta  :  and  the  language  of  fcientific 
men  is  analogous  to  this  when  they  fpeak  ot  any  forces  what* 
ever. 

It  is  now  time  to  proceed  to  Mr.  Hornblower’s  animadver- 
fions  upon  the  inflance  I  adduced  (and  many  others  might  be 
adduced)  to  fhew  that  Mr.  Smeaton’s  meafure  of  mechanical 
power  and  effed  is  not  univerfally  applicable.  I  aflerted. 


*  That  Mr.  Hornblower  may  not  reft  upon  the  mere  authority 
of  any  theoretic  man,  I  beg  to  throw  into  this  note  an  extrad 
from  the  Meehan  que  Philo fojihiqne  of  M.  Prony,  an  Engineer,  who 
unites  with  a  profound  acquaintance  with  the  theory,  an  extenfive 
ptadice,  and  whole  example  in  this  refped  I  fhould  fincerely  rejoice 
to  fee  more  frequently  imitated  in  this  country. 

«  La  nature  de  cette  caufe  de  mouvement,  nommee  force  ou 
puiffance ;  nous  eft  tout-a-fait  inconnue  :  l’homme  appelle  force  la 
faculte  organique  qu’il  a  de  fe  mouvoir,  de  s'arreter,  de  produire 
ou  de  faiie  ctfftr  le  mouvement  des  corps  qui  l’environnent ;  et 
fans  favoir  en  quoi  confifte  cette  faculte,  il  a  fuppofe  qu’il  exiftait 
quelque  chofe  de  femblable  dans  les  agens  phyfiques  qui  font  ou 
qu’il  croit  etre,  fur  le  globe  terreftre  et  dans  l’univers,  les  caufes 
du  mouvement  de  differens  corps.  Mais  nous  n'avons  en  me* 
canique,  aucun  bel’oin  de  connaitre  la  nature  de  la  force  ou  puiffance 
qui  eft  reprelentd,  mefuree  et  introJuite,  dans  le  calcul,  unique- 
ment  par  les  effets  qu’elle  produit.  Ces  effets  fe  reduifent  toujours 
a  des  veteftes  que  les  puiftances  ou  tendent  a  dormer,  ou  out 
effedivement  donnees  a  de  certaines  maffes.”  M  Paimi  les  diverles 
puiftances  que  la  nature  nous  offre,  il  en  eft  une  tres  remarquable 
dont  il  convient  de  prendre  les  effets  pour  terme  de  comparaifon 
de  ceux  des  autres  puiftances  ;  e'eft  h  ftefant'ur  terreftre  a  la  furface 
dc  la  teiTe,”  fez.  p.  ~’0. 

that 
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that  a  horfe  ftanding  dill  and  fuftaining  a  weight  which  hung  Reply  to  Mr. 

by  a  cord  over  a  fixed  pulley,  would,  after  a  due  interval  ol  H^.s  rema^3  °n 

time,  be  completely  fatigued,  although  neither  the  animal  nor  ment. 

the  weight  moved,  and  that,  of  conlequence,  there  was  a 

power  expended,  of  which  Mr.  Sineaton’s  rule  did  not  furnilh 

an  adequate  meafure.  Mr.  H.  as  though  he  underftood  me 

to  affirm,  that  fatigue  was  the  only  indication  of  mechanical 

power  expended,  inftead  of  limiting  it  to  animal  efforts  as  the 

connexion  evidently  required,  exclaims,  •'  it  is  really  difficult 

to  be  grave  on  this  occafion:”  p.  268.  and  argues  in  a  kind  of 

exulting  drain  which  favours  a  little,  I  am  afraid,  of  the  fpirit 

alluded  to  in  the  French  proverb.  Chanter  le  trimnphe  avant 

la  vidoirt !  Let  us,  fays  this  gentleman,  have  a  “  poft  indead 

of  the  horfe,  and  lurely  that  will  not  tire,  and  what  will  be 

the  confequence  then  ?  why  then  there  will  be  no  power 

expended,  and  no  effeft  produced.”  Mr.  H.  then,  it  would 

feem,  has  forgotten  that  the  poft  is  retained  in  its  fituation  by 

a  force  which  in  this  cafe  oppofes  that  of  gravity  aCting  upon 

the  lulpended  weight.  The  cord  running  over  the  pulley  and 

fuftaining  the  weight,  being  faftened  to  the  poft,  would  move 

it,  were  it  not  that  the  cohefive  force  of  the  earth  in  which  the 

poft  is  fixed,  changes  the  date  into  which  the  poft  would  be 

brought  by  the  aCtion  of  gravity  upon  the  weight,  and  is 

Efficient  to  retain  the  whole  at  reft.  If  the  poft  were  fet  in 

loofe  fand,  or  in  a  quagmire,  the  weight  would  draw  it  away, 

and  then  I  fuppofe,  even  according  to  Mr.  H’s  notion,  there 

would  be  a  power  expended,  and  an  effect  produced.  So 

likewife,  in  Mr.  H’s  other  example,  of  the  hat  hung  upon  the 

pin,  the  force  of  gravity  is  balanced  by  the  cohefive  force  of 

the  w'ood  or  other  matter,  into  which  the  pin  is  fixed.  But  it 

would  be  egregious  trifling  to  dwell  much  longer  upon  fuch  in- 

fiances  as  thefe.  Mr.  H.  conceives,  if  I  have  not  completely 

mifunderftood  his  meaning,  that  there  is  no  “  mechanical  *  * 

power”  that  is  not  “  made  up  of  a  mafs  of  matter  moving 

with  a  determinate  velocity  ;”  and  as  fuch  an  opinion  muft 

either  arife  from  neglecting  to  difcriminate  between  caufeand 

effect,  or  from  a  virtual  denial  of  the  whole  doCtrines  of 

ftalics,  (in  which  pow-ers  are  excited  without  any  motion 

being  produced,)  I  (hall  hope  to  be  excufed  though  I  w-afte 

no  time  on  a  refutation  of  any  fuch  pofttion. 


Indeed, 


|3  MR.  SRECiORY  ON  MECHANIC  POWER. 

Indeed,  much  of  Mr.  H*s  reafoning,  not  only  with  refpeft 
to  the  port  ana  the  hat-peg,  but  throughout  His  paper,  Teems 
to  reft  upon  a  tacit  adinffion  (not  a  dircft  avowal,  it  is  true,) 
of  the  erroneous  notion,  that  forces  exerted  by  animated 
beings,  and  thole  opera  ing  through  the  intervention  of  in¬ 
animate  things,  are  totally  diftinCf,  and  cannot  be  fubftituted 
the  one  for  the  Other,  or  have  a  fair  comparison  ihftitufed 
Familiar illuftra-  between  them.  Whereas,  on  the  contrary,  not  only  the 
tton*  theory  but  tire  pfaCtice  of  mechanics,  proceeds  upon  (he 

priitcrple,  that  thole  fortes  are  equal  in  degree,  however 
different  in  their  origin,  or  various  in  their  mode  of  operation, 
which  produce  equal  effects.  Thus,  for  a  familiar  examp'e, 
in  the  boring  of  a  piece  of  ordnance  j  the  borer  may  either 
be  brought  up  to  it's  propef  pbfition  in  the  gun  by  (he  a&ion 
of  a  man  On  the  handles  of  a  w  heel,  connected  w  ith  the  borer 
by  rack  and  pinion  work,  or  by  the  aCtion  of  a  weight  at¬ 
tached  to  the  farther  end  of  a  lever  proceeding  from  the  axle 
of  the  fame  wheel  i  and  Mr.  H.  might  as  well  deny  the 
poftibillty  of  the  wmrk  perfoimed  being  (he  fame  in  both  thefo 
cafes,  as  deny  that  a  Weight  is  kept  from  falling  by  an  equal 
force,  when  prevented  either  by  an  animal,  or  by  a  fixed  in¬ 
animate  Objed ;  or  deny  that  there  is  an  expenditure  of  me¬ 
chanic  power  When  a  man  counteracts  the  operation  of  gravity 
upon  his  arm,  when  extended  horizontally.  While  fpeaking 
of  the  propofnion  which  includes  any  fuch  denial,  we  may 
fafely  apply  to  it  Mr.  H’s  own  language ; — “  A  more  errone¬ 
ous  propofition  was  never  introduced  into  the  theory  or 
practice  of  mechanics. ” 

Mr.  Hofnblower  has  taken  the  trouble  of  extracting  feveral 
paftages ‘ from  the  Article  Machinery,  Ency.  Britan . 

Miftakeof  and  among  them  has  taken  that  which  exhibits  Profeffor 

Profeffor  Robi-  Robifon's  mealure  of  the  exertion  of  a  man,  who  w'alks  at 

^01} 

the  rate  of  60  feet  per  minute,  and  raifes  a  weight  of  30 
pounds.  The  meafure  57600,  which  this  gentleman  thinks 
enormoufly  too  large,  is,  in  faft,  too  fmafl,  in  fo  far  as  it 
does  not  include  that  part  of  the  exertion  required  by  (he  man 
to  move  himfelf.  It  was  this  omifiion  of  the  learned  Profelfor 
that  induced  me  to  lay  dow-n  the  general  ftatement  at  p.  152 
of  your  43d  Number,  though  I  thought  it  might  be  deemed 
in  vidimus  if  1  fpecified  my  motives  in  that  place.  But  when 
Mr.  H.  had  commenced  the  labour  of  extracting,  it  would 

furelv 
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fit  rely  have  been  but  candid  to  produce  a  paflage  which  drikes 
with  great  force  againft  the  univerfahty  of  Mr.  Smeaton’s 
mealure,  at  the  fame  time  that  it  admits  the  utility  of  this 
mealure  to  engineers  in  many  cafes.  This  palfage  is  as 
follows: — “When  a  weight  of  live  pounds  is  employed  to  pn 

drag  up  a  weight  ot  three  pounds,  by  means  of  a  thread  over  01 S 
a  pulley,  it  defcends  with  a  motion  uniformly  accelerated, 
four  feet  in  the  fird  fecond.  Mr.  Smeaton  would  call  this  an 
expenditure  of  a  mechanical  power  20.  The  weight  three 
pounds  is  railed  four  feet.  Mr.  Smeaton  would  call  this  a 
mechanical  effect  12.  Therefore  the  effect  produced  is  not 
adequate  to  the  power  expended.  But  the  fad  is,  that  the 
prelfure,  drain,  or  mechanical  power,  really  exerted  in  this 
experiment,  is  neither  five  nor  three  pounds;  the  five  pound 
weight  would  have  fallen  16  feet,  but  it  falls  only  four.  A 
force  has  therefore  afted  on  it  fufficient  to  make  it  defcnbe  12 
feet  in  a  fecond,  with  a  uniformly  accelerated  motion,  for  it 
has  countera&ed  fo  much  of  its  weight.  The  thread  was 
drained  with  a  force  equal  to  3f  pounds,  or  |  of  5  pounds* 

In  like  manner,  the  three  pound  weight  would  have  fallen 
16  feet  j  but  it  was  raifed  four  feet.  Here  was  a  c  hange 
precifely  equal  to  the  other.  A  force  of  3f  pounds  adting  oa 
a  mafs  whofe  matter  is  only  three,  will  in  a  fecond,  caufe  it 
to  defcnbe  20  feet  with  a  uniformly  accelerated  motion.  Now 

x  12  and  3  x  20,  give  the  fame  produd!  60.  And  thus  we 
fee,  that  the  quantity  of  motion  extinguifhd  or  produced,  and 
not  the  produti  of  the  weight  and  height,  u  the  true  unequivocal 
mtafure  of  mechanical  power  really  expended,  or  the  mechanical 
cjfett  really  produced ;  and  that  thefe  two  are  always  equal  and 
oppofite.  At  the  fame  time,  Mr.  Smeatoids  theorem  merits 
the  attention  of  engineers;  becaufe  it  generally  meafures  the 
opportunities  that  we  have  for  procuring  the  exertion  of 
power.  In  ymcfenfe,  Mr.  Smeaton  may  fay,  that  the  quantity 
of  water  multiplied  by  the  height  from  which  it  defcends  in 
working  our  machines,  is  the  meafure  of  the  power  expended; 
becaufe  we  mull  raifethis  quantity  to  the  dam  again,  in  order 
to  have  the  fame  ufe  of  it.  It  is  expended,  but  not  employ¬ 
ed,  for  the  water  at  leaving  the  wheel  is  dill  able  to  dp  fome* 
thing.  ” 

In  eppofition  to  all  this,  Mr.  H.  I  fuppofe,  would  fay  that  ^e^r3‘  ^ornf' 

this  is  not  a  cafe  in  point,  becaufe,  “  if  the  weight  defcends  Smeaton  both 
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quickly  it  is  fenfibly  compounded  with  another  law,  viz.  the 
acceleration  of  gravity.”  Or,  adopting  other  language  of 
Mr.  Smeaton,  he  might  reftrid  his  meafures  to  **  the  height 
through  which  a  body  flowly  and  equally  defeended,  or  to 
which  it  was  raifed.”  But  if,  inftead  of  the  body's  amend¬ 
ing  or  defeending  flowlv  and  equally,  it  moved  rapidly  and 
irregularly;  or,  if  the  motion  was  reciprocating,  the  velocity 
increafing  from  quiefcence  to  a  certain  magnitude,  3nd 
diminifhing  to  quiefcence  again  ;  or,  if  we  refer  to  the  re¬ 
tarded  rife  and  accelerated  fall  of  heavy  dampers ;  in  fuch 
cafes  if  Smeaton's  meafure  be  applicable,  I  with  to  fee  its 
manner  of  application  explained  ;  and  if  it  be  not  univerfally  ap¬ 
plicable,  a  point  which  is,  in  reality  conceded  both  by  Mr.  H. 
and  Mr.  Smeaton,  there  is  then  as  to  this  head  no  ground  of 
difference  between  us,  and  Mr.  H's  lad  letter  becomes  in  a 
great  meafure  a  fuperflunus  labour  ;  for,  admitting  the  want 
of  univerfality  in  the  rule,  is  admitting  all  that  I  affirmed. 
Had  not  the  meafure  been  often  very  injudicioufly  exhibited 
as  umverfal,  a  thing  which  Mr.  Smeaton  himfelf  certainly 
never  intended,  1  fhould  not  have  at  all  referred  to  it  in  my 
former  paper. 

It  may  be  deemed  a  flight  deviation  from  the  immediate 
objed  of  this  letter,  but  I  trud  a  judifiable  one,  if  I  briefly 
oughr  to  be  dif-  notice  the  furprize  exprelfed  by  Mr.  H.  on  account  of  ProfelTor 
_fcr.gu.lhed.  Robifon's  didinguifliing  between  weight  and  heavinefs. 
That  the  three  terms  gravity,  weight,  and  heavinefs ,  admit  of 
a  palpable  and  obvious  diflindion,  is,  in  my  opinion,  in¬ 
dubitable:  and  till  this  time,  I  imagined  it  was  univerfally 
reckoned  one  great  excellence  of  an  accurate  philofophical 
dilquifition,  that  it  comprised  a  careful  diferimination  of  the 
various  acceptations  of  thefe  and  other  terms,  which  were 
commonly  reputed  fynonimous.  There  may,  undoubtedly, 
be  occafions  in  which  a  cautious  feledion  from  words  of  nearly 
dmilar  import  may  he  difpenfed  with  :  but  there  are  many 
more,  particularly  when  handling  philofophical  topics,  where 
this  Careful  choice  cannot  be  fafely  negleded.  And  an  at¬ 
tention  to  this  point  appears  the  more  neceffary,  when  it  is 
recolleded,  that  greater  part  of  the  controverfies  which 
have  been  agitated  by  men  of  fcience,  have  been  rather 
verbal,  than  relative  to  things  in  themfelves.  To  contend  for 
the  ufe  of  many  terms  to  exprefs  one  idea,  inftead  of  feeking 

for 
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for  adequate  feparate  expreffions  to  denote  every  idea  the 
mind  can  form,  is  to  facrifice  preeifion  and  accuracy  at  the 
(brine  of  an  ill-judged  fuperfluity.  The  common  refemblance 
between  words  efteemed  fynonimous,  does  not  comprehend 
the  aggregate  fignification,  but  fome  ifulated  particular  at¬ 
tendant  upon  all,  in  fome  (uch  manner  as  may  be  traced  in 
individuals  of  the  fame  fpecies:  there  is  generally  one,  if  not 
more  qualities,  on  which  a  manifeft  diftindtion  depends ;  and 
the  determination  of  fuch  qualities  is  highly  deferving  the 
notice,  not  only  of  the  linguifl,  but  of  all  who  aim  at  philo- 
fophical  preeifion.  I  have  not  leifure  to  look  attentively 
over  twenty-five  clofely  printed , quarto  pages,  in  order  to  find 
how  Profeflor  Robifon  diftinguifhes  heavinefs  from  weight. 

But  the  labour  is  unnecetfary ;  for  the  diftindiion  has  often 
been  made;  and  I  will  take  the  liberty  of  delineating  it  in  the 
words  of  an  author  who  is  in  no  danger  of  having  his  fenli-' 
ments  warped  to  fquare  with  the  tenets  of  any  fpeculative 
mechanical  fyfiem  :  I  now  advert  to  Dr.  Trufler,  who  in  his  Trufler’s  re¬ 
work  on  fynonimous  words  fpeaks  thus : —  manes  on  h^avi- 

“  Heavinefs ,  weight. — In  the  figurative  fenfe  the  difference 
of  thefe  words  is  lo  extremely  great,  as  needs  no  pointing 
out;  in  the  literal  indeed,  they  are  often  confounded:  con- 
fidered  then  in  this  laft  fenfe,  heavinefs  is  that  quality  in  a 
body  which  we  feel,  and  difiinguifii  by  itfelf :  iveight  is  the 
meafure  and  degree  of  that  quality,  which  we  cannot  afeertain 
but  by  comparifon. — We  fay  abfolutely,  and  in  an  undeter¬ 
mined  fenle,  that  a  thing  is  heavy ;  but  relatively,  and  in  a 
manner  determined,  that  it  is  of  fuch  a  iveight,  for  example, 
of  two,  three,  or  four  pounds. — A  thoufand  circumfiances 
prove  the  heavinefs  of  the  air;  and  the  mercury  determines 
its  exadlu leight,”  Vol.  I.  p.  133. 

My  letter  has  attained  a  much  greater  magnitude  than  was 
at  firft  intended,  and  I  will  now  conclude  it.  The  remarks 
I  have  been  tempted  to  offer,  are  founded  upon  the  moft 
corredl  interpretation  I  could  put  upon  Mr.  Hornblower's 
language;  and  if  I  have  any  where  mifunderfiood  his  mean¬ 
ing,  I  fhali  be  pleafed  to  fee  that  mifunderfianding  candidly 
removed.  I  entertain  great  refpr  <5t  for  that  gentleman's 
talents  as  a  pradlical  engineer  ;  though  I  cannot  but  think  him 
completely  wrong  in  mofi  of  thofe  remarks  which  have  oc- 
csfioned  this  communication.  I  have  replied  to  fuch  of  his 
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flficfcures  as  Jbure  any  relation  to  mjfelf,  I  believe,  without 
acrimony  :  but  I  have  a  deeply  rooted  averfion  to  every  thing 
that  wears  the  garb  of  controverfy,  and  ardently  hope  the 
dilcuflion  on  my  part  will  be  permitted  to  terminate  here. 

I  am,  Sir, 

Your’s,  with  much  refpedl, 

OLINTHUS  GREGORY. 

Royal  Mil.  Academy, 

Woolwich,  Aug.  9,  1805. 

. "  . . - * - * - - —  ‘.'-AJ 
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Dejl'ription  and  F.ffe&$  of  an  Apparatus  for  raiftng  Water  by 
Means  of  Air  condenfed  in  its  Defcent  through  an  inverted 
Syphon .  By  Mr.  William  Close.  From  the  Inventor . 

To  Mr.  NICHOLSON. 


SIR, 


Dalton ,  July  27,  1805. 


Reference  to  the 
author’s  fyphon 
engine. 


< 


Defer) ption  of 
another  appara¬ 
tus. 


In  one  of  my  letters,  fome  time  ago,  I  briefly  noticed  an 
experiment  I  had  made,  to  determine  the  pradtical  value  of 
the  hydraulic  machine,  or  inverted  fypbon,  reprefented  and 
deferibed  in  the  firft  volume  of  the  prefent  feries  of  your  Jour¬ 
nal  *,  obferving,  that,  at  fome  future  period,  I  might  pro¬ 
bably  tranfmit  to  you  a  more  particular  account.  Having 
fince  repeated  the  experiment,  I  now  fend  you  a  letter  upon 
the  fubjedi,  for  I  am  of  opinion  that  a  machine  operating  upon 
the  principle,  when  conllrudted  in  the  manner  herein  de¬ 
feribed,  will  anfwer  very  well,  in  certain  fituations,  to  raife 
water  for  domeflic  purpofes  ;  and  although  it  may  not  be  com¬ 
petent  to  perform  half  as  much  work  as  a  bucket  engine  by  a 
forcing  pump,  yet  it  may  be  kept  continually  employed,  and 
be  fubjeft  to  very  little  wear,  as  its  operation  will  almoft  be 
performed  without  fridtion. 

The  inverted  fyphon  when  applied  to  raife  water  in  the 
manner  deferibed  in  this  letter,  has  its  higher  orifice  placed  in 
a  fituation  to  receive  both  air  and  water  at  the  fame  time. 
The  air  being  conveyed  by  the  velocity  of  the  aqueous  column 


*  See  Philof.  Journal,  Vol.  I.  p.  30,  PI.  IV. 
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to  the  lowed  part  of  the  fyphon,  and  collected  in  a  veflel,  is 
employed  as  the  medium  for  conveying  preffure  to  raife  water 
in  another  part  of  the  apparatus. 

In  May  1803,  I  determined  to  find  by  experiment,  under  being  an  invert 
vvliat  degree  of  prelliire  it  would  be  mod  advantageous  to  collect eci  f}'PhGn>  _ 
the  condenled  air,  and  likewife  the  proportion  then  exiding  down  air  and 
between  the  two  fluids  moving  in  the  fyphon.  The  appa-  condenfes  it* 
ratus  condrufted  for  this  purpofe,  is  reprefented  in  Plate  /. 
tig.  1.  It  required  only  a  fmall  fupply  of  water,  but  con- 
denfed  the  air  fufficiently  to  be  employed  in  the  adlual  con- 
lirudtion  jof  a  machine  upon  the  principle. 

A  round  vertical  pipe  A  B,  half  an  inch  in  diameter,  and 
22  teet  5  inches  in  length,  had  its  higher  end  placed  in  the 
ciflern  A,  and  its  lower  connedted  to  a  (mall  oblong  veflel 
C,  which  had  an  inverted  glafs  bottle  cemented  upon  a  pro¬ 
jecting  cylinder  on  its  upper  fide.  From  the  other  end  of  the 
veffel  afcended  another  vertical  pipe  D  E,  half  an  inch  in 
diameter,  and  18  feet  3  inches  in  length,  and  terminated  in  a 
crook,  4  feet  2  inches  below  the  highed  part  of  the  pipe 
A  B. 

The  whole  apparatus  being  filled  with  water,  the  cidern  and  this  air  is 
having  a  condant  fupply  diffident  to  keep  the  fur  face  of  the 
fluid  jud  above  the  orifice  of  the  pipe  A  B,  when  the  orifice  water"  ^ 
of  emiffion  at  E  was  opened,  the  water  flowing  through  A  B, 
carried  bubbles  of  air  into  the  veflel  C,  w'hich  afcending,  dif- 
placed  the  water  in  the  bottle,  and  afterwards  that  contained 
in  the  veflel  C,  above  the  lower  ends  of  the  pipes  A  B  and 
-A ^  the  firfl  efflux,  and  after  the  defcent  of  every  ma¬ 
terial  portion  of  air,  the  jet  at  E  wras  projected  feveral  inches 
from  the  adjutage,  but  its  curve  decreafed  during  the  defcent 
of  more  air;  for  the  bubbles  did  not  rife  inceflantly  into  the 
boitie,  but  after  fhort  intervals  of  red,  diflodging  two  or  three 
ounces  of  water  each  time,  with  a  guggling  noife,  which  was 
very  audible  to  the  perfon  regulating  the  fupply  of  the  cidern. 

After  the  water  in  the  veflel  C  was  deprefled  to  a  level  with 
the  ends  of  the  pipes,  the  denfe  air  carried  down  A  B,  afcended 
through  D  E,  and  caufed  frequent  interruptions  in  the  jet; 
for,  expanding  under  a  light  preflure,  it  expelled  the  water 
in  the  highed  part  of  the  pipe  with  violence,  and  then  the 
efflux  ceafed  for  fome  time  after. 
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The  condenled  air,  however,  could  any  time  be  let  out, 
by  a  (mail  pipe  which  was  placed  within  the  bottle,  and 
opened  on  the  oulfide  of  the  veil'd  C. 

I  he  pipe  A  B  had  a  joint  above  the  bottom  of  the  ciftern, 
to  facilitate  the  trial  of  mouth-pieces  of  various  forms,  to  find 
by  which  the  apparatus  would  tip  the  mod  air :  and  it  appeared 
that  no  form,  or  pofition,  conduced  more  to  this  efleft,  than 
when  the  pipe  was  crooked  at  top  to  receive  the  water  in  a 
horizontal  current,  and  the  higher  tide  of  its  orifice  vyas  not 
more  than  two  lines  below  the  furface  of  the  water  in  the  cit¬ 
tern.  It  alio  appeared,  that  no  lets  quantity  of  air  was  col¬ 
lected,  when  the  diameter  of  the  orifice  of  emiftion  was  re¬ 
duced  to  four  lines,  than  when  it  was  half  an  inch. 

Experiments  to  After  feveral  experiments  to  determine  the  quantity  of 
a^r 'can°be  c vvater  reciuilite  to  fupply  the  expenditure  from  the  eiftern,  and 
ried  down  with  keep  the  furface  of  the  fluid  accurately  at  the  height  be  ft 
ha  water.  adapted  to  the  operation  of  the  apparatus;  feveral  trials  were 
made  to  afeertain  the  quantity  of  air  a  given  quantity  of  water 
would  convey  into  the  bottle  in  a  given  time.  The  refults  of 
fe\  ’eral  trials  on  the  2 1  ft  of  May  1 S03,  were  as  follow  : 

I.  The  fall  being  50  inches,  and  the  orifice  of  emiftion  four 
lines  in  diameter,  the  inverted  bottle  above  C,  holding  ten 
ounce  meafures  of  water,  was  filled  with  air,  under  the  pref- 
furc  of  a  column  18  feet  high,  by  Id  pints  of  water  flowing 
out  at  the  orifice  of  emiftion  at  E,  in  143  feconds.  2.  By  13 
pints,  in  133  feconds.  3.  By  12f  pints,  in  125  feconds. 
By  12  pints.  5.  By  1 1  pits,  in  95  feconds.  6.  By  14  pints, 
in  114  feconds,  7.  By  12  pints,  in  J02  feconds.  8.  By  12 
pints,  in  103  feconds. 

9.  The  orifice  of  emiftion  being  half  an  inch  in  diameter, 
the  bottle  was  filled  by  12  pints.  10.  By  13  pints,  in  133 
feconds.  1 1.  By  12  J  pints. 

12,  13.  The  iall  being  44  inches,  the  orifice  of  emiftion  four 
lines  in  diameter,  1 1  pints  tilled  the  bottle  in  95  feconds;  and 
14  pints,  in  120  feconds. 

With  an  height  1  he  difference  in  the  time,  and  the  quantity  of  effluent 

fall^o^nches)  wa*er  required  to  fill  the  bottle  with  air,  in  thefe  trials,  was 
20  parts  of  water  probably  occalioned  by  a  portion  of  the  air  being  fometimes 

or.eof  condenfed con‘a*ned  in  the  higher,  and  at  other  times  in  the  lower  part 
air.  ^  fhe  pipe  A  B,  at  the  commencement  of  the  efTuiion  :  or, 
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perhaps,  in  part,  by  the  water  in  the  ciftern  not  being  always 
of  the  fame  height ;  for  the  ciftern  did  not  overflow,  but  was 
fupplied  with  great  care,  fometimes  by  a  pump,  and  fome- 
limes  by  letting  water  out  of  a  vefi'el,  always  keeping  the 
fupply  from  agitating  the  contents  of  the  ciftern  as  much  as 
poffible.  Had  the  bottle  been  larger,  there  had  probably  been 
more  uniformity  in  the  refults  of  the  trials.  In  eftimation, 

I  think,  however,  we  (hall  not  overrate  the  operation  of  this 
machine,  by  taking  13  pints  for  the  mean  quantity  of  effluent 
water  emitted  while  the  bottle  was  filling  with  air;  and  then 
deducting  the  quantity  expelled  from  the  bottle,  it  will  appear 
that  20  parts  of  water  carried  one  of  air  down  the  pipe  A  B  : 
and  as  one  ounce  meafure  of  condenfed  air  at  lead  was  col¬ 
lected  in  I  I  feconds,  fo  16  pints  would  collect  every  hour. 

Some  few  days  after  thafe  experiments,  the  pipe  A  B  was  Trial  with  a 
lengthened  to  24-  feet  7  inches,  and  D  E  to  20  feet ;  but  upon  length 

trial,  the  air  was  carried  into  the  bottle  fo  much  flower  than  blaon* 
before,  that  a  fufpic.ion  arofe  that  fome  part  of  the  apparatus 
was  not  air-tight ;  and  on  this  fuppofition  the  pipes  were 
taken  down. 

In  February  1804,  the  pipes,  &c.  were  examined,  and  fet  Lefs  airwas  car- 
up  again  with  confiderable  care.  A  B  was  24-  feet  7  inches  down* 
long;  I)  E,  21  feet  one  inch  ;  consequently  the  difference  for 
the  fall  was  3  feet  6  inches.  With  this  apparatus,  when  the 
diameter  of  the  higher  orifice  of  the  pipe  D  E  was  four  lines, 
it  appeared  by  four  trials  (Feb.  25,  1804),  that  the  bottle  loft 
only  one  ounce  of  water  per  minute. 

When  the  pipe  D  E  was  fhortened  to  19  feet  7  inches,  and 
had  its  higher  orifice  five  feet  below  the  furface  of  the  water 
in  the  ciflern,  four  ounce  meafures  of  condenfed  air  defcended 
into  the  bottle,  during  the  emiffion  of  16  pints  of  water, 
through  the  orifice  at  E,  when  half  an  inch  in  diameter. 

The  diminution  in  the  collection  of  air,  in  thefe  laft  experi¬ 
ments,  was  much  more  confiderable  than  was  expeCted  to 
happen,  either  from  the  ablorption  of  the  water,  or  the  in- 
creafed  condenfation  of  the  air,  which  might  be  occasioned  by 
fo  fmall  an  addition  being  made  to  the  apparatus.  The  jet  at 
E  was  projected  more  fteadily  in  thefe  laft,  than  in  the  pre¬ 
ceding  trials;  and  the  condenfed  air,  inftead  of  rifing  into  the 
bottle  in  large  defached  bubbles,  alcended  in  a  continual  ftream, 
like  the  evolution  of  gas  from  the  bottom  of  an  effervefeing 
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mixture.  From  the  minute  divifion  of  the  air,  it  is  not  im¬ 
probable,  that  a  fmall  portion  might  be  carried  along  with  the 
current  of  water  under  the  bottle,  and  afcend  through  the 
pipe  DE;  but  this  was  not  determined.  If  there  was  no 
defeat  in  the  apparatus,  it  appears,  that  it  will  not  be  fo  ad¬ 
vantageous,  in  the  conftru&ion  of  a  working  machine  upon 
this  principle,  to  employ  a  condenfmg  column  fo  heavy  as  24- 
feet,  as  one  that  is  lighter. 

Other  trials.  beb.  28,  1 804-.  The  pipe  AB  being  fhortened  to  22  feet 
5  inches,  and  D  E  to  18  feet  3  inches,  the  orifice  of  the  ad¬ 


jutage  at  E  being  four  lines  in  diameter,  the  bottle  w’as  emp¬ 
tied  by  13,  12jr,  14,  13,  13,  12,  and  14  pints  of  effluent 
water,  in  feven  fucceffive  trials,  as  in  thofe  of  May,  1803. 

March  9.  With  a  fall  3  feet  9  inches,  AB  being  15  feet 
one  inch,  half  a  pint  of  air  was  colle&ed  during  the  difcharge 
of  I2f  pints  of  water.  Again,  the  orifice  of  emiffion  being 
four  lines  in  diameter;  the  fall  4  feet  2  inches ;  A  B  15  feet  8 
inches;  DE  11  feet  6  inches;  nine  ounce  meafures  of  air 
were  conveyed  into  the  bottle,  in  one  minute,  during  the  dif¬ 
charge  of  10  pints  of  water,  in  five  fucceffive  trials:  and 
w  hen  the  diameter  of  the  higher  orifice  of  the  pipe  D  E  was 
halt  an  inch,  the  fame  quantity  of  air  was  carried  down  in  50 
feconds,  by  nine  pints  of  effluent  water,  including  that  dif- 
placed  from  the  bottle.  When  AB  was  15  feet  8  inches; 
DE  13  feet  2  inches;  the  fall  2  feet  6  inches;  nine  ounce 
meafures  of  air  wmre  colle&ed  in  the  bottle,  by  the  difcharge 
of  16  pints,  in  90  feconds;  in  105  feconds,  by  18  pints;  and 
again,  by  18  pints,  in  90  feconds. 

March  16.  The  fall  being  2  feet;  A  B  8  feet  5  inches; 
D  E  6  feet  5  inches;  and  the  diameter  of  its  higher  orifice 
half  an  inch ;  ten  ounce  meafures  of  air  were  colle6ted  in  one 
minute ;  again  in  64  feconds,  when  the  effluent  water  mea- 
lured  10  pints;  and  again  in  one  minute,  wffien  10  pints. 

Having  now  (hewn  what  power  a  machine  operating  upon 
this  principle  may  be  expe&ed  to  pofifefs,  l  proceed  to  (hew 
how  its  principle  may  be  applied  to  practice. 

Fig.  2,  Plate  /.  exhibits  a  machine  for  railing  water  above 
the  cittern. 

R  reprefents  3  cifiern  fupplied  by  a  fpring,  where  there  are 

by  air  condenfed  four  or  fjvc  fee^  f'a||  for  wa^er> 
m  inverted 
fyphoc. 


Description  of 
the  machine  as 
conftrufted  for 
railing  water. 
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W  W,  a  well  or  pit  fituated  below  the  bed  or  lower  leve!  Defcnption  of 

r  .  c  j  machine  as 

of  the  fireamlet  ;  its  depth  varying  from  6  to  20  teet,  accord- confl.ru£ted  for 


.2  ,  ,  -  ~  ,  l-  l  by  air  condom 

cifiern,  and  the  number  of  progrefhve  columns  by  which  it in  an  invsrced 


fyphon. 


is  to  afcend. 


A  A,  a  pipe  leading  from  the  ciftern  R,  to  a  bel!-fhaped 
vefiel  B,  fixed  a  little  above  the  bottom  of  the  w  ell,  with  its 
mouth  downwards.  The  top  of  the  pipe  is  crooked,  as  re¬ 
presented  at  A,  T/g.  5,  and  there  is  a  joint  below,  which 
allows  the  crooked  part  to  be  detached  from  the  reft.  The 
lower  end  of  this  pipe  is  alfo  crooked,  and  turns  under  the  fide 
of  the  vefiel  B. 

C  C,  a  pipe  fixed  into  the  top  of  the  vefiel  B,  and  carried 
a  little  above  the  cifiern,  where  two  fmaller  pipes,  E  and  G, 
are  connected  with  it  by  a  ftop-cock. 

E,  a  (mall  pipe  leading  to  F,  a  vefiel  or  chamber,  placed 
in  the  cifiern  R. 

G,  another  fmall  pipe  leading  to  H,  a  vefiel  or  chamber, 
fomewhat  lefs  than  F,  placed  in  a  higher  (filiation,  this  pipe 
has  a  turn,  a  foot  above  the  top  of  the  vefiel  H. 

I,  a  pipe  leading  from  the  ciftern  R  to  the  vefiel  f . 

K  K,  a  pipe  defcending  a  foot  or  more  below  the  vefiel  F, 
and  then  afcending  to  the  vefiel  H. 

L,  a  pipe  conne6ted  to  K,  a  foot  below  H,  and  then  car¬ 
ried  to  the  conduit  or  cifiern  which  receives  the  railed  water. 

The  pipes  I,  K,  L,  have  each  a  valve  opening  upwards. 

The  confiru£tion  of  the  cock  is  reprefenled  in  Fig.  3 .  The 
conical  barrel  has  four  holes,  C,  E,  G,  O,  and  the  turning 
part  or  key,  has  a  notch,  or  hollow,  on  each  fide  in  that  part 
which  moves  oppofite  thofe  holes,  fo  that  the  pipes  C  and  E, 
or  C  and  G,  may  be  connected  by  a  quarter  of  a  turn.  W  hen 
the  communication  opens  between  C-  and  E,  the  external  air 
has  accefs  to  the  infide  of  the  pipe  G,  and  to  the  chamber  H 
above,  through  the  opening  O ;  and  when  C  is  joined  to  G, 
the  air  is  admitted  into  the  chamber  F,  through  the  opening 
O,  and  the  pipe  E. 

In  the  narrowefi  part  of  the  vefiel  B,  a  buoy  or  float  is  fixed 
upon  the  elevated  end  of  a  crooked  lever,  moving  upon  a  ho¬ 
rizontal  axis,  fupported  by  pieces  attached  to  the  fide  of  the 
vefiel.  Infiead,  however,  of  a  common  hollow  buoy,  it  will 
preferable  to  ufe  a  body  fpecifically  heavier  than  water,  and 
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Defcription  of  by  adding  weight  to  the  other  end  of  the  lever,  to  make  fuch 

the  machine  as  adjuftment,  that  while  both  are  immerfed  in  water,  the  body 
conftru&ed  for  .  ,  J 

raifing  water,  within  the  veflel  B,  tnall  be  a  tew  ounces  lighter;  and,  on 

by  air  condenfed  the  contrary,  when  it  alone  is  above  the  water,  it  lhall  be  fo 

fyphon.  C  heavier  than  its  counterpoife,  which  is  covered.  A  fmall 


cylindrical  veflel  (l\  inches  in  diameter,  and  the  fame  in  depth, 
filled  with  water  and  clofed,  will  probably  be  fize  fufticient 
for  tuch  a  float;  and  the  proper  counterpoife  may  be  very  rea¬ 
dily  and  eaflly  found,  by  having  the  lever  fixed  on  its  axis 
in  a  veflel  of  water,  repeatedly  drawing  off  and  replacing  the 
fluid  in  that  part  of  the  veflel  which  contains  the  float ;  and 
increafing  or  diminifhing  the  weight,  until  the  proper  adjufl- 
ment  is  obtained.  But  to  proceed  with  our  defcription. 

S  reprefents  a  fmall  fyphon  (ufpended  by  a  lever,  with  one 
branch  in  the  infide,  and  the  other  on  the  outfide  of  the  ciflern 
R.  The  outfide  branch  being  re-curved  in  the  manner  repre- 
fented  in  Fig,  5,  it  is  evident,  that  when  the  infirument  is 
filled,  it  will  draw'  water  out  of  the  ciflern  whenever  the  ori¬ 
fice  of  the  re-curved  branch  is  deprefled  below  the  level  of 
the  water  in  the  ciflern  ;  and  that  its  operation  will  be  fuf- 
pended  by  railing  the  fame  a  very  little  above  that  level, 
from  the  contrary  end  of  the  lever,  a  chain  or  wire  defeends. 


and  is  conne61ed  to  the  lever  which  carries  the  float ;  and  by 
this  connexion,  the  fyphon  is  fufpended  with  the  orifice  of  its 
re-curved  branch  above  the  lurface  of  the  water  in  the  ciflern, 
while  the  float  occupies  the  higheft  part  of  the  veflel  B;  for 
the  weight  of  the  fyphon  and  that  of  the  included  column  muff 
be  fo  nearly  counterpoifed  by  the  chain  and  an  additional 
weight,  that  it  cannot  deprefs  the  float,  though  it  mufl  pollefs 
fufficient  weight  to  defeend  when  allow'ed  by  the  defeent  of 
the  float. 


M  reprefents  two  cuneiform  buckets,  conne&ed  at  their 
bales  by  a  tranfverfe  partition,  and  fixed  upon  a  horizontal 
axis,  as  is  more  clearly  exhibited  by  the  fetfion.  Fig,  4. 
When  the  bottoms  of  thefe  are  placed  in  an  oblique  direction, 
making  an  angle  with  the  horizon  of  25  or  30  degrees,  as  re- 
prefented  in  the  drawing,  (Fig,  2.)  and  a  fmall  flream  of 
water  falls  from  the  fyphon,  the  higher  bucket  will  receive 
the  water,  and  falling  in  confequenee  of  its  load,  w’ill  raife 
the  other  bucket,  which  will  now  receive  the  water,  and  by 
falling  will  raife  the  firfl,  whofe  contents  were  emptied  in  its 

defeent. 
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defcent.  A  fmall  arm  or  lever  is  fixed  to  the  axis  of  this  ap-  Defcrlption  of 

paratus,  and  connected  by  a  piece  of  ftrong  wire  to  another 

fhorter  lever  fixed  upon  the  fmallcr  end  of  the  turning  part  faifing  water, 

of  the  cock  C,  and  bv  this  means  the  cock  moves  with  the  by  an-  condenlr 

J  in  an  inverts* 

alternate  motion  of  the  buckets  M,  when  fupplied  with  water.  Aphon. 

When  the  fpace  from  the  top  of  the  veffel  B,  to  the  furface 
of  the  well  is  equal  to  18  feet,  the  top  of  the  chamber  H, 
above  the  bottom  of  F,  and  the  perpendicular  height  of  the 
pipe  L,  above  the  bottom  of  the  chamber  K,  may  be  each  IS 
feet. 

The  valves  and  every  other  part  of  the  apparatus  being  in 
proper  order  for  work  ;  the  well  being  filled  with  water;  and 
the  refervoir  R  eonftantly  fupplied,  fo  as  to  overflow  in  one 
part  fomewhat  lower  than  the  reft  of  the  brim,  while  the 
higher  orifice  of  the  pipe  A  A,  is  about  two  lines  below  the 
furface  of  the  water,  and  takes  in  its  full  quantity  ;  the  manner 
of  bringing  this  machine  into  aCtion,  and  its  operation  after¬ 
wards,  may  be  underflood  by  attending  to  the  following  di¬ 
rections,  and  ftatement  of  particulars : 

Open  the  pipe  E  which  leads  \o  the  chamber  F,  by  turning 
the  cock  C,  and  water  will  defcend  into  F  from  the  cittern 
R,  by  the  pipe  I:  When  the  chamber  is  full,  place  the  two 
connected  buckets  M,  in  a  horizontal  pofition,  and  the  cock 
C,  it  properly  conftruCled  and  connected  with  thefe  buckets, 
will  cut  off  all  communication  between  the  pipe  C  C  and  the 
pipes  E  G.  The  air  carried  down  the  pipe  A  A,  by  the 
column  oi  water  which  defcends  and  keeps  the  well  eonftantly 
overflowing,  will  afeend  into,  and  gradually  expel  a  quantity 
of  water  from  the  pipe  C  C,  and  afterwards  that  contained 
in  the  higher  part  of  the  veffel  B  alfo.  The  float  receiving 
an  acceflion  of  weight  by  being  out  of  water,  will  defcend 
and  let  down  the  re-curved  fyphon  S,  whic'h  will  pour  water 
upon  the  buckets  below.  At  this  period  deprefs  that  bucket 
which  by  descending  opens  a  communication  between  the 
pipes  C  and  E,  and  no  farther  attendance  will  be  requifite. 

The  preflure  of  the  column  in  the  well,  above  ]  8  feet  high, 
being  thrown  upon  the  water  in  the  chamber  F,  by  the  inter¬ 
vention  of  the  condenfed  air  in  the  pipe  C,  the  valve  in  the 
pipe  I  will  be  fliut,  and  water  will  afeend  from  the  chamber 
F  through  the  pipe  K  K  into  H  ;  the  fvphon  S  will  alfo 
afeend  into  its  place,  and  ceafe  to  draw  water  from  the 

eiflerrt. 
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Defcriptum  of  ciflern.  An  equilibrium  being  foon  efiabliflied  between  the 

co n ntr u £t ed^for  a<^,ng  column  in  the  well,  and  the  re-atting  one  included  in 

railing  water,  the  pipe  K  K  and  the  chambers  F,  H,  by  the  expulfion  of 

fc>  air  coi.denfed  ijie  ajr  from  jg  the  water  will  atterwards  afcend  much  (lower 
in  an  inveited 

fyphon.  into  H  than  at  firfl,  an  equal  depreflion  of  the  fluid  being 

produced  in  the  pipe  C  and  the  chamber  F,  by  the  colle&ing 
of  the  condenfed  air. 

In  more  or  lefs  time,  according  to  the  capacities  of  the 
chambers,  fo  much  water  will  be  expelled  from  the  lower  as 
will  fill  the  higher,  the  air  having  been  expelled  from  this  lad, 
through  the  pipe  G,  whofe  outlet  is  at  O  in  the  cock  CEGO, 
Fig.  3.  Water  will  then  begin  to  afcend  into  that  part  of  the 
pipe  G  which  rifes  from  the  top  of  the  veflel,  and  the  afling 
column  being  lengthened  in  proportion  to  the  increafing  height 
of  that  which  it  counterpoifes,  the  condenfed  air  will  deprefs 
the  water  in  the  veflel  B  below  the  float,  which  defending, 
will  lower  the  re-curved  fyphon,  and  water  will  fall  into  the 
elevated  bucket  M,  which  foon  afterwards  in  confequence  of 
its  load  will  defcend,  and  by  moving  the  cock  above,  will 
open  a  communication  between  the  pipes  C  and  G,  and  be¬ 
tween  the  infide  of  the  chamber  F  and  the  external  air,  when 
the  condenfed  air  will  ruth  out,  and  this  veflel  refill  with  water 
from  the  ciflern. 

The  force  of  the  acting  column  being  now  thrown  upon  the 
contents  of  the  higher  chamber  H,  the  valve  in  the  pipe  K 
will  clofe,  and  water  will  afcend  through  the  pipe  L,  into 
the  ciflern  appropriated  for  its  reception. 

At  the  firfl  opening  of  the  communication  between  B  and 
H,  the  re-curved  fyphon  S  will  pour  water  into  the  bucket 
lafl  elevated ;  but  before  the  load  is  fufficient  to  move  the  ap¬ 
paratus,  the  fyphon,  if  properly  adapted  to  its  purpofe,  will 
be  drawn  up  again,  in  confequence  of  the  condenfed  air  being 
expelled  fafler  from  the  veflel  B,  than  it  defeends  by  the  pipe 
A  A  :  for  the  water  w  ill  alw-ays  rife  with  the  greatefl  rapidity 
after  the  turning  of  the  cock,  becaufe  of  the  difference  fub- 
fi fling  between  the  a&ing  and  re-a6ting  columns,  and  the  air 
previoufly  flored  up  in  the  veflel  B.  The  fupply  of  condenfed 
air,  however,  being  inadequate  to  fupport  the  difference,  an 
equilibrium  foon  takes  place,  by  the  water  afeending  into  the 
lowefi  part  of  the  pipe  C. 

The 
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The  fupply  of  condenfed  air  will  now  continue  to  force  Defcrlption  of 

water  out  of  the  chamber  H,  and  to  deprefs  the  fluid  in  the 

pipe  C,  in  an  equal  degree,  until  all  the  water  in  the  cham-  raifmg  water, 

ber  is  expelled.  The  water  will  then  fink  in  the  higheft  part  hy  air  condeniei 
.  ,  !  tr  .  ,  ,  jn  an  inverted 

of  the  pipe  K,  and  the  acting  and  re-acting  columns  proper-  fyphon. 

tionally  lengthening,  air  will  collect  in  the  vetfel  B;  the  float 
and  re-curved  fyphon  will  defeend ;  and  before  the  depredion 
of  water  in  the  pipe  K  reaches  the  lower  end  of  the  pipe  L ; 
before  the  condenfed  air  can  efcape  by  expelling  the  water 
contained  in  this  pipe,  the  elevated  bucket  M  will  (all  in  con- 
fequence  of  water  poured  into  it  by  the  fyphon,  and  the  com¬ 
munication  between  C  and  E  being  opened,  the  condenfed 
air  will  rufh  out  of  H,  through  the  open  pipe  G,  whofe  out¬ 
let  is  at  O  in  the  cock  C  E  G  O,  Fi%.  3  ;  the  valve  in  L  will 
fupport  the  water  above  it,  and  the  force  of  the  acting  column 
being  again  thrown  upon  the  water  in  the  chamber  F,  the 
fluid  will  begin  to  afeend  into  K  ;  the  re-curved  fyphon  will 
rile  and  continue  in  its  place  as  before,  until  the  water  begins 
to  fill  that  part  of  the  pipe  G  which  rifes  from  the  top  of  the 
chamber  H,  or,  if  there  cannot  be  a  fuflicient  quantity  raifed 
from  the  lower  chamber  to  fill  the  higher,  until  it  begins  to  be 
deprefl’ed  into  that  part  of  the  pipe  K,  connected  with  the 
bottom  of  the  chamber  F ;  the  fyphon  will  then  be  letdown 
by  the  float,  will  pour  water  into  the  bucket  lad  elevated,  and 
thus  again  open  the  communication  between  the  air-holder 
BC,  and  the  higher  chamber,  from  which  the  water  will  be 
expelled  ;  and  in  this  manner  the  alternations  will  proceed, 
the  machine  continually  raiding  water  from  one  or  other  of  iU 
chambers. 

By  additional  pipes  and  chambers,  fimilar  to  G  H  L,  a 
fmaller  quantity  of  water  may  be  railed  ftiil  higher,  the  lowed 
additional  chamber  being  fixed  upon  the  top  of  the  pipe  L, 
and  the  pipe  for  fupplying  it  with  condenfed  air,  connedted 
to  the  pipe  E.  A  pipe  for  fupplying  a  chamber  dill  higher 
mud  be  attached  to  the  higheft  part  of  the  pipe  G;  and  it  is 
evident,  that  if  E  leads  to  two  chambers  and  G  only  to  one, 
the  machine  will  regulate  its  operations  fo  as  to  lole  no  time. 

It  will  be  requifite,  however,  to  fill  the  additional  chambers 
with  water  before  the  machine  is  let  to  w'ork. 

Where  the  fupply  of  water  is  variable,  the  machine  may 
be  adapted  by  having  feveral  pipes  fimilar  to  A  A,  but  (ome 

wider 
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wider  and  others  fmailer,  and  by  felting  fuch  of  thefe  fo  work 
as  are  requifite,  for  whatever  may  be  the  increafe  or  diminu¬ 
tion  ol  power,  the  turning  of  the  cock  will  be  duly  regulated 
by  the  float. 

the  water  which  fupplies  the  pipe  I,  and  afcends  in  the 
apparatus,  Humid  be  cleared,  by  filtration,  from  impurities 
and  fubftances  that  would  obftrucl  the  clofure  of  the  valves. 
J  he  cittern  fhoilld  have  a  moveable  piece  at  the  place  where 
the  water  overflows,  to  accommodate  the  furface  of  the  fluid 
to  the  ends  of  the  pipes,  that  the  full  quantity  of  air  may  de- 
tcend  with  each  column,  and  that  the  maximum  of  effect  may 
be  obtained  from  the  fupply. 

i  o  determine  how  well  fuch  a  combination  as  that  I  have 
defcribed  would  anfwer  the  purpofe,  I  had  a  model  con¬ 
flicted  upon  the  plan  exhibited  in  Plate  J.  Fig.  2;  but 
having  no  convenience  for  an  overflowing  well  or  ciflern,  1 
was  obliged  to  modify  fome  parts,  in  a  manner  tending  to 
diminifli  its  power. 

The  water  from  the  ciflern  R,  falls  into  a  capacious  veflel, 
from  whence,  when  the  machine  is  at  work,  a  hand-pump 
continually  raifes  it  again  into  a  veflel  above,  which  fupplies 
the  cittern  R  through  a  pipe  nearly  half  an  inch  in  diameter, 
under  a  conftant  prdtture  of  3|  inches  charge.  The  fupply 
keeps  the  cittern  conlinually  overflowing,  and  the  furface  of 
the  water  is  calm  and  always  at  the  fame  height. 

I  he  pipe  A  A  is  8  feet  3  inches  in  lenglh,  and  half  an  inch 
in  diameter.  Its  lower  end  is  inferted  into  the  veflel  B,  which 
is  clotted  at  bottom,  and  conftru&ed  of  fuch  a  form  as  to  in¬ 
clude  the  lever  which  carries  the  float.  Above  that  end  of 
the  lever  bearing  the  counterpoifing  weight,  a  vertical  pipe 
6  feet  3  inches,  is  connected  to  the  top  of  the  veflel ;  and 
through  this  pipe,  which  is  no  wider  than  A,  the  water  afcends 
and  flows  to  the  pump:  A  chain,  confiding  of  pieces  of 
wire  four  or  five  inches  in  length,  looped  together  by  the 
ends,  alio  pafttes  through  it,  and  conne&s  the  float-lever  to 
that  which  moves  the  re-curved  fypbon  S. 

The  bottoms  of  the  buckets  Al  are  both  together  14  inches 
long  and  6  broad.  I  he  bale  partition  is  4  inches  high.  Each 
bucket  lias  an  end  parallel  with  the  bafe,  one  inch  deep,  pro¬ 
vided  with  a  hole  to  let  out  the  water  when  depreftted.  The 
cock  moves  with  lefs  than  a  pint  of  water  in  the  elevated 
bucket. 

The 


APPARATUS  FOR  RAISING  WATER. 


The  float  in  the  veffel  B,  is  a  fmall  cylindrical  copper  Description  of 

/v  *  •  i  i  •  i  *  t  i  j  .  •  i  *  i •  .  t ,  tfic  machine  as 

vellel,  one  inch  in  height  and  two  inches  in  diameter,  it  conftrufte(j  for 

was  Ailed  with  water  and  clofed  before  it  was  fixed  in  its  raifmg  water, 

place.  Though  equal  in  bulk  only  to  one  ounce  and  three  .by  air.conden.^ 
"  on  j  in  an  inverted 

quarters  of  water,  yet  it  is  quite  fufficient  to  move  the  fyphon  fyphon. 
which  would  work  a  larger  machine. 

The  pipe  C  is  half  an  inch  in  diameter:  E,  K,  G,  L,  are 
Smaller.  The  valves  are  leather. 

This  machine,  when  in  good  order,  raifes  water  nearly  12 
feet  above  the  ciflern,  at  the  rate  of  20f  pints  per  hour,  and 
performs  all  its  operations  as  well  as  can  be  defired.  When 
firft  fet  to  work,  the  cock  is  fo  placed  as  to  clofe  the  top  ot 
the  pipe  C,  until  the  condenfed  air  begins  to  colled  in  the 
veffel  B,  and  then  the  communication  is  opened  to  the  cham¬ 
ber  F.  If  the  communication  was  open  at  firfl,  the  water 
would  be  expelled  from  F  into  the  ciflern,  while  the  preflure 
was  infufficient  to  clofe  the  valve  in  the  pipe  I. 

The  chambers  F  H  being  fmall,  the  fyphon  moves  fre¬ 
quently  ;  but  in  a  working  machine  thefe  velfels  Should  not 
only  be  broad  and  fhallow,  but  capacious,  that  the  wear  ot 
machinery  may  be  reduced  to  its  utmofl  extent. 

To  determine  what  quantity  of  water  flows  through  the 
apparatus,  I  fixed  a  fpout  upon  the  top  of  the  aicending  water 
pipe  ;  but  in  doing  this  I  entangled  the  float  in  the  veflel  B, 
that  it  could  not  be  made  to  work  the  lyphon.  The  effluent 
water,  in  this  unemployed  ffate  of  the  machine,  including 
half  a  pint  difplaced  from  the  veffel  B,  amounted  to  8-|  pints. 

The  fuperffuous  water  from  the  ciflern  R  meafured  8f  pints 
alfo.  If  the  machine  had  been  working  the  waffe  water  would 
have  been  lefs,  as  part  would  have  been  drawn  off  by  the 
fyphon. 

From  feveral  trials,  this  model  appears  to  raife  water  above 
the  rate  that  might  be  effimated  by  the  experiment  of  March  6, 
previously  related. 

In  adtual  pradlice,  I  think  the  allowance  for  waffe  and 
working  the  buckets,  of  one  third  or  perhaps  only  of  one 
fourth  of  the  fupply,  will  be  fufficient  ;  then  fuppofing  the 
apparatus  fo  adapted  to  the  fupply,  as  28  or  30  gallons  from 
the  ciflern  will  raife  one  gallon  18  feet,  fo  84  or  90  gallons 
will  raife  one  gallon  44  feet,  by  three  aicending  columns. 

The 
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Count  Rum- 
ford’s  experi¬ 
ments  on  the 
max.  denfity  of 
water  con- 

6dered» 


Mr.  Dalton's 
exper.  in  this 
Journal  on  the 
l  Srilc  fubjeft. 


ON  THE  MAXIMUM  DENSITY  OF  WATER. 

The  bucket-engine  at  Irton-Hall,  in  Cumberland  *,  is 
faid  to  raile  one  gallon  of  water  60  feet  high  by  36  gallons 
/apply  ;  hence,  it  the  vvafie  water  be  included,  it  appears 
that  our  machine  will  not  be  competent  to  perform  half  ac 
much  work,  by  the  fame  fupply,  and  its  peculiar  advantages 
mud  depend  upon  its  durability  when  condantly  employed. 

I  am.  Sir, 

Your’s  refpedfully, 

WILLIAM  CLOSE. 


Remarks  on  Count  Rumford’s  Experiments  relating  to  the 
Maximum  Denfity  of  IValer.  In  a  Letter  from  Mr.  John 
Dalton. 


To  Mr.  NICHOLSON; 

SIR, 

Kn  your  lad  Number,  page  225,  is  an  intereding  article  on 
the  quedion,  At  what  point  of  temperature  water  is  of  greateft 
denfity  ?  I rom  the  introdudory  paragraph  I  was  led  to  expert, 
that  all  the  material  objedions  to  the  current  dodrine  were 
conddered  and  obviated,  and  that  new  and  convincing  argu¬ 
ments  in  its  fupport  would  be  adduced.  In  (he  former  of 
thefe  expectations  I  was  altogether  difappointed  ;  and  though 
the  new  experiments  are  ingenious  and  well  worth  attention, 
they  are  not  quite  (o  demondrative  to  me  as  they  appear  to 
be  to  Count  Rumtord.  Perhaps  we  may  both  be  too  ftrongly 
biaffed  towards  preconceived  theories:  however  this  may  be, 
it  teems  proper  that  when  new  facts  are  brought  forward,  we 
ought  to  reconcile  them  to  the  theory  efpoufed. 

At  page  93  of  Vol.  X.  of  this  Journal,  I  have  dated  a  num¬ 
ber  of  fads  and  experiments  which  appear  to  me  irrecon¬ 
cilable  with  the  notion  of  water  being  denfed  at  40°.  I 
believe  it  is  denfed  at  32°,  or  the  freezing  point ;  and  it  is 
my  prefent  intention  to  fliew  how,  on  my  hypothefis,  I  ex¬ 
plain  Count  RRs  refults. 

*  See  Philof.  Journal,  Vol.  II.  p.  60, 
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Water  expands  by  heat  from  fome  point  (whatever  it  may  Count  Rum- 
prove  to  be)  by  a  law  which  is  nearly  that  of  the  fquare  of  s  -xPcn* 

1  '  J  J  ‘  rnems  explained, 

the  temperature  from  the  faid  point,  as  is  evident  from  Sir  on  Mr.  Dalton’* 

Charles  Blagden’s  table.  Confequently  the  force  of  afcent,  hypothefis. 

°  *  '  VV  a  ter  has  very 

which  w'ater  acquires  by  temperature,  is  at  firft  very  fmall,  little  change  of 
but  increafes  to  a  very  confiderable  amount  before  ebullition.  dimenfions^by 
The  cohefion  of  the  particles  of  water  is  a  con (lant  force;  its  max<  denfity. 
there  will  therefore  be  a  point  of  equilibrium  between  thefe 
two  forces;  that  is,  a  point  at  which  the  increafed  temperature 
will  be  but  juft  fufficient  to  counteract  the  tenacity,  in  which 
cafe  no  internal  motion  can  enfue.  Whether  a  diminution  in 
denfity  in  water  to  the  amount  of  one  hundredth  or  one  thou¬ 
sandth,  or  one  ten  thovfandth  or  more,  is  the  point  alluded  to, 
is  to  be  determined  only  by  experiment.  I  apprehend  that  This  change  at 
water  of  40°  is  about  one  ten  thoufandth  part  lighter  than  water  cien^to^produce"* 
of  32°;  but  that  this  force  of  afcent  is  but  juft  fufficient  a  current} 
to  counteract  the  tenacity,  and  confequently  no  motion  takes 
place;  in  luch  cafe  the  diffufion  of  heat  through  water  is  the 
fame  as  through  a  folid  body.  Whenever  the  difference  in 
denfity  exceeds  that  juft  mentioned,  internal  motion  is  thecon- 
fequence,  and  that  greater  in  proportion  to  the  difference  of 
denfity,  which  we  know  may  amount  to  of  the  whole. 

Count  R/s  experiments  therefore  will  be  explained  by  ob - and  therefore 

ferving  that  the  thermometer  acquired  heat  by  the  proper  con-  pafc^down^ 
during  power  of  water,  as  if  it  had  been  metal,  or  any  other  wards  as  if  thro’ 

folid  body;  the  temperature  acquired  was  greater  in  the  2d  f  **Ht  ia 
,  .  -  ,  higher  temper- 

experiment  than  in  the  lit,  becaute  the  heat  of  the  ball  was  atures  there  was 

greater;  but  in  the  3d  experiment  the  heat  of  the  ball  was  a  currem>  which 

fuch  as  to  produce  a  current  upwards  that  almoft  precluded  defeent^  ^ 

the  defeent  of  heat,  by  carrying  away  the  heated  particles  as 

foon  as  formed.  f 

The  circu  in  fiances  of  the  two  thermometers  by  the  fide  of  faculty  re- 

.  .  r  n  .  .  .  fpedling  the  tw# 

the  ball  and  tne  cup,  in  the  two  hrtt  experiments  not  acquiring  thermometers 

any  temperature,  is  certainly  remarkable,  and  not  eafy  to  be 

explained,  even  upon  Count  R/s  principle;  for,  the  fuppo- 

fed  delcending  current  of  warm  water  fliould  have  filled  the 

cup  and  overflowed,  fo  as  to  affect  the  collateral  thermometer. 

One  mod  important  experiment  Count  R.  has  omitted,  and  Important  expe- 

which  it  is  particularly  defirable  that  he,  or  fome  one  in  pof-  L^hV^wite^bc 

feflion  of  a  fimilar  apparatus,  would  perform,  efpecially  as  it  at  40°  and  the 

would  go  further  than  any  other  to  eftablifh  the  doctrine  of  cur -  *"olid  at  ^ * 

rents 
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rents  in  water,  when  the  temperature  varies  from  32  to  40®. 
This  is  to  repeat  the  Iff  experiment,  with  the  difference  that 
the  mafs  of  water  tliould  be  at  the  temperature  40°,  and  the 
ball  at  32°  ;  in  which  cafe  the  thermometer  in  the  cup  would 
not  be  at  all  affe&ed  upon  Count  R.\s  principle;  but  if  the 
explanation  I  have  attempted  above  be  accurate,  no  material 
difference  in  the  refults  of  the  two  experiments  would  be  ob* 
ferved. 


Manchcfttr,  Augujl  17,  1805. 


I  am  your’s, 

J.  DALTON. 


Either  live  or 
dead  wood  may 
be  bended. 


Live  wood  may 
be 


—bended  for 
/h i p- building,  or 
for  fedoes  of 
wheels,  &c. 

By  fattening 
down  young 
trees. 


This  the  mod 
cafy  procefs ; 


VI. 

*  4 

On  the  Art  of  bending  Wood.  By  J.  H.  Ha ssenfratz,* 

The  operation  of  bending  may  be  performed  either  on  live 
or  dead  wood,  the  procefles  differing  however  for  thefe  two 
flates. 

I,  On  the  bending  of  Live  JVood. 

Live  wood  has  a  natural  elafticity  f,  which  varies  according 
to  its  fpecies,  fize,  and  age.  The  larger  and  older  the  wood, 
the  lets  elafticity  it  poflefles. 

This  operation  is  performed  on  wood  when  growing,  either 
to  ftraighten  it,  to  give  it  a  figure  (uitable  to  the  ornamental 
purpofe  for  which  it  is  defigned,  or  to  thape  it  to  the  ufe  for 
which  the  timber  is  intended  when  cut.  Thus  trees  may  be 
bended,  which  are  intended  for  the  building  of  fliips,  or  for 
making  the  felloes  of  wheels  in  one  piece. 

When  trees  are  yet  young  and  pliable,  their  Hems  are  fafl- 
ened  down  by  ropes,  or  poles,  or  flakes,  or  frames.  In  this 
fituation  they  are  confined  till  they  will  retain  when  let  loofe 
the  curvature  that  has  been  given  them. 

Of  all  the  modes  of  bending  timber  the  mofl  eafy  and  com¬ 
modious  is  that  applied  to  young  growing  trees:  for  their  pli- 

*  Tranflated  from  the  Journal  des  Mines,  N.  9-1,  p.  475,  July, 
1804. 

f  In  many  parts  of  this  paper  the  writer  feems  to  have  ufed  the 
word  elafticite  for  the  property  of  undergoing  flexure  without  break¬ 
ing.  T. 
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anfnefs  and  elaflicity  enable  (.hem  to  acquire  any  form  that  may 
be  defired  ;  fo  that  there  are  few  to  which  the  moft  vvhimfical 
figures  may  not  be  given,  with  due  care  and  the  requifite  pre¬ 
cautions;  but  at  the  fame  time  we  injure  their  natural  confli-  but  injurious 
tution,  retard  their  progrets,  and  frequently  reduce  them  to  a  t0  thc  timber, 
ltate  of  conftraint  and  ddeate  prejudicial  to  their  growth. 

II.  Of  the  bending  of  Dead  Wood. 

The  bending  of  wood  that  is  cut  down  and  dead,  (hough  Jhe  bending  of 
more  difficult,  is  yet  more  in  ufe,  becaufe  we  may  choofe  fuch  moft  'Idvantage- 
as  is  belt  adapted  to  the  purpofe  for  which  it  is  defigned,  and  ous* 
then  give  it  the  fuilable  curvature. 

The  procefs  generally  employed  is  founded  on  the  property  The  principle  is 
caloric  polfelfes  of  augmenting  the  elaflicity  of  wood  by  pene-  ,the  ii<^Ion 
trating  it,  and  dimimffiing  this  elaflicity  on  quitting  it.  creates  the  Pii- 

Thus  when  vve  with  to  bend  thin  pieces,  as  the  (laves  of  ^hlenefs  tim“ 
barrels,  or  the  planks  of  boats,  we  heat  them  at  the  part  that 
is  to  be  curved,  and  bend  them  gradually  as  they  grow  hot. 

But  heat  applied  to  one  part  of  the  wood,  while  the  other  Partia'  heat  af- 
is  in  contact  with  the  air,  heats  it  unequally,  and  increafes  the  ^  th,f  W00<J 
pliablenels  but  partially  ;  lo  that  on  bending  it,  fome  parts  are^ccafions  it  to 
ftiff  and  others  yield,  occafioning  an  unequal  curvature,  and  crac^c  or  fphntcr* 
fometimes  cracks  or  fplinters  in  the  inflde  or  on  the  furface  of 
the  wood.  The  only  method  of  remedying  this  inequality  is 
to  heat  the  wood  equally  throughout. 

Furnaces  or  doves  gradually  heated  are  adapted  to  the  pur-  Furnaces  or 
pofeof  affording  a  uniform  heat,  and  confequently  facilitating  ft'JVesheatic 
the  curvature  of  the  wood;  but  in  ufing  them  there  is  reafon  may  fcorch  iu* 
to  fear,  that  the  caloric,  while  heating  the  wood,  may  expel 
from  it  the  fluids  contained  in  it,  char  it,  and  wholly  defiroy 
its  elaflicity. 

1  he  pliablenefs  of  wood  is  in  proportion  not  to  its  temper- Humidity  as 
ature  alone,  but  to  its  humidity  hkevvife.  The  fame  wood  at  vv^r  as  tncat  ncF 
the  tame  temperature  will  be  more  or  lefs  pliable  in  proportion  wood  pliable, 
to  the  water  contained  in  it;  and  at  an  equal  degree  of  moif- 
ture  its  elaflicity  will  be  proportional  to  its  temperature. 

^Ve  have  an  inftance  of  the  double  influence  of  heat  and  The  finguiar 

moiflure  in  joining  two  pieces  of  wood  with  a  tenon  and  mor-  °f  a 

.  r  ,  .  mortife  and 

tile,  where  the  mortife  is  only  a  third  of  the  breadth  of  the  tenon. 

piece  that  is  driven  into  it  to  form  the  joint.  Thefe  joints,  fo 

extraordinary  in  appearance,  furprife  people  fo  much,  that 

3  moft 


I 


32 


BEN&IN6  WOOD. 


~-in  three  dif¬ 
ferent  wajs  : 


ift.  By  boiling 
water. 


Heat  and  moif-  mod  of  thofe  who  ufe  them  make  a  myflery  of  them.  The 

ture  nre  appiud  procefs  employee]  in  this  operation  has  given  rife  to  the  method 
*o  bend  timber;  '  .  r  ■'  ■  r 

at  prefent  in  ufe  for  bending  with  eafe  the  largefl  and  Itifieic 

timber:  it  confifls  in  penetrating  it  with  humidity,  and  at  the 

fame  time  imparting  to  it  a  uniform  temperature,  then  bending 

it,  and  letting  it  cool*  while  it  is  kept  in  the  form  to  which  it 

has  been  brought. 

For  heating  and  moiflening  the  timber,  three  different  pro- 
cedes  have  been  employed:  firfl,  boiling  water;  lecondly, 
fleam;  the  third,  wet  fand  heated. 

The  fleve  for  the  firfl  procefs  confifls  of  a  large  copper 
boiler,  heated  by  three  furnaces,  clofed  by  a  movable  cover, 
and  varying  in  its dimenfions  according  to  the  flze  of  the  tim¬ 
ber  for  which  it  is  intended.  Cranes  are  nfed  for  raifing  the 
timber,  and  pulling  it  in  or  taking  it  out  of  the  boiler,  which 
is  kept  full  of  water.  When  the  timber  is  in,  the  cover  is  put 
on  and  beaten  down  clofe,  to  diminifli  the  evaporation  of  the 
water;  the  three  fires  make  the  water  boil,  the  timber  is  heated 
and  penetrated  with  moiflure,  and  it  is  then  taken  out  to  be 
bent. 

This  procefs,  one  of  the  firfl  that  was  employed,  has  the 
fome  of  the  com-  defe<5t  Gf  diffolving  a  part  of  the  proper  fubflance  of  the  wood 

leflens  the  di-  in  the  boiling  water  ;  the  timber  (brinks  in  drying,  fo  as  to 

mentions  of  the  become  narrower  and  fhorter ;  its  flrength  and  elaflicity  are 
wood  • 

confiderably  diminiflied,  and  from  thefe  alterations  occafloned 
by  it  the  procefs  is  difufed. 

Figures  2,  3,  and  4,  PI.  II.  reprefent  the  plan  and  ele¬ 
vations  of  a  fleamer.  It  confifls  of  a  large  wooden  box, 
formed  of  flout  planks,  held  firmly  together  by  fquare  frames. 
Within  are  fupports  for  the  timber  that  is  to  be  expofed  to  the 
a£tion  of  the  fleam.  The  dimenfions  of  the  box  are  regulated 
by  the  fize  and  quantity  of  the  wood  intended  to  be  foftened. 

For  fmall  fleamers  a  boiler  is  fixed  at  one  extremity  of  the 
wooden  box,  and  the  wood  is  introduced  at  the  other  through 
an  opening,  the  door  of  which  either  Aides  in  a  groove  or  turns 
on  hinges.  For  large  ones  the  boiler  is  fixed  in  the  centre,  and 
there  is  an  opening  for  the  timber  at  each  end.  In  the  fide 
oppoflte  the  boilers  are  openings  a  a  a  for  arranging  the  tim- 
Tr  ftouM  be  co-  her  on  the  fupports.  It  is  ufual  to  leave  the  wooden  boxes  ex- 

ba^conduftor'of  P0^  10  a‘r  externally;  but  it  would  be  of  advantage  to 
kit.  coyer 


This  difToIves 


ad.  By  ftcam. 
Defcription  of 
the  fteamer. 
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Cover  the  planks  with  fome  fubfhnce  that  is  a  bad  conductor 
of  heat,  to  confine  the  heat  that  is  difengaged  from  the  fleam 
within. 

Each  boiler  having  a  communication  with  the  interior  of  the 
box,  by  means  of  a  pipe,  the  fleam  is  diflributed  to  each  flage 
by  (he  tubes  bb  b,  Fig,  3.  The  vapour  arifing  from  the  boil¬ 
ing  water  penetrates  the  timber  with  moiflure,  heats  it,  in- 
creafes  its  elafticitv,  and  renders  it  fit  to  be  bent. 

Steamers  require  little  care,  and  little  expenfe,  but  they  This  procefs  is 
cannot  be  ufed  for  timber  of  any  great  thicknefs,  fince  they  not^expenfive3*^ 
cannot  impart  a  temperature  higher  than  that  of  boiling  water,  but  it  is  not  hot 
and  this  is  not  fufficient  to  give  large  pieces  the  degree  of  pli-  enouSh  for  lar§e 
ablenefs  neceflary  for  bending  them.  timber. 

This  lownefs  of  temperature  gave  rife  to  the  invention  of  3<h  By  wet  fand. 
the  fand-flove,  which  is  formed  of  four  flone  or  brick  walls,  defctibld? 

In  the  middle  are  two  furnaces,  with  which  feveral  circular 
flues  communicate,  for  conveying  the  heat,  the  heated  air, 
and  the  fmoke,  to  a  chimney  rifing  from  each  end.  On  thefe 
flues  are  plates  of  cad  iron,  which  form  the  bottom  of  the  ca¬ 
vity  in  which  the  fand  is  placed  ;  the  flame  and  fmoke  circu¬ 
lating  in  the  flues  heat  thefe  plates,  and  thefe  plates  heat  the 
fand.  This  is  an  imitation  of  thofe  fand-baths  which  have  been 
long  employed  in  many  chemical  proceffes  and  in  feveral  ma¬ 
nufactories. 

As  the  fand  may  be  heated  to  a  temperature  above  that  of 
boiling  water,  it  can  communicate  a  greater  heat  to  the  tim¬ 
ber;  but  were  there  nothing  but  fand  and  timber  in  the  flove, 
all  the  gafefiable  fubflances  in  the  timber  might  be  expelled 
by  the  heat,  and  the  timber  charred. 

To  prevent  this,  one  or  two  boilers  filled  with  water  are  Steam  muft  be 
placed  in  the  middle  of  the  flove.  The  water  converted  into  u^ed  whhthe 
fleam  by  boiling  penetrates  the  fand  with  moiflure;  this  im-  fandheat> 
parts  moiflure  to  the  timber;  and  thus  the  heat  that  pervades 
the  timber  expels  from  it  no  more  moiflure  than  is  replaced  by 
the  fand,  fo  that  all  the  proper  fubflances  of  the  timber  are 
preferved. 

We  will  not  venture  to  affirm  however,  that  no  portion  of  and  the  timber 
the  component  parts  of  the  wood  is  evaporated  in  this  opera-  ^ptibly  in’ured. 
tion,  and  that  confequently  it  undergoes  no  alteration;  but 
with  the  precaution  of  taking  out  the  wood  to  bend  it  asfoon 
as  it  is  fufficiently  heated  and  penetrated  with  moiflure,  the 
injury  is  imperceplible. 
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3* 


BENDING  WOOD. 


Minipufation 
for  the  heat. 


The  wood  may 
be  bended  hori¬ 
zontally  or  ver¬ 
tically, 

—by  any  me¬ 
chanic  power  5 


—which  may  be 
applied  various 
ways. 


The  fand-ftove  is  covered  throughout  its  whole  length,  to 
retard  the  evaporation  of  the  moifture  contained  in  it,  and 
allow  the  heat  to  accumulate  fufficiently  to  give  the  wood  the 
proper  temperature. 

The  pieces  of  timber  are  introduced  at  the  ends,  placed  in 
the  middle  of  the  flove  in  the  direflion  of  its  length  on  bars 
fixed  for  the  purpofe,  and  covered  with  fand. 

When  the  timber  has  been  heated  and  penetrated  with 
moiflure  to  the  proper  degree  for  enabling  it  to  affume  the  de¬ 
gree  of  curvature  required,  it  is  bent  to  a  line  defignating  the 
curve. 

The  timber  may  be  bent  in  two  ways,  either  horizontally  or 
vertically;  the  former  is  ufed  for  pieces  of  fmaller  dimenfions 
and  greater  curvature. 

In  either  way  the  force  that  produces  the  curve  is  applied 
by  means  of  ropes,  tackles,  or  even  capftans.  The  piece 
muff  be  kept  in  the  fhape  to  which  it  is  brought,  and  thus  left 
to  dry  and  grow  cold,  when  it  will  retain  the  curvature  given 
to  it. 

Frequently  when  the  piece  of  wood  is  thin,  prefliire  by 
hand,  or  by  weights,  will  bend  it  diffidently,  fo  that  it  will 
retain  its  fliape  on  cooling.  But  the  means  of  bending  il  may 
be  varied  to  infinity,  according  to  the  elafticity  of  the  timber, 
its  fize,  its  temperature,  and  its  humidity. 


Experiments  made  in  the  great,  in  a  reverberating  Furnace  on  Cn  ft 
Iron,  Confirming  the  eftablijhed  Theory  rejpecting  the  Difference 
between  cajl  and  malleable  Iron.  By  G.  A.  Lamp  a  Dies, 
Prof,  of  Chemijtry  and  Metallurgy  at  Freyberg .* 

The  reverber?-  \  SHALL  fir  IF  deferibe  the  reverberatory  furnace  uled  in 

f^ibedUmaCe  dC"  the*'e  exPeriments'  liacl  t!iree  Pr»ncipal  parts:  L  the  air 

tunnel 

*  Extra&ed  byj.  F.  Daubruflbn,  in  the  J.  des  Mines,  from  the 
Sammlung  Praftifcb-chemifchcr  Ahhandlungen  1  Practical  Chemical 
ElTays,’  of  Lampadius,  Vol.  II.  p.  145. 

Prize  queftion  In  1795,  the  Royal  Society  of  Bohemia  propofetl  as  a  prize  quef- 
o f  Bnnemian  tion  to  fettle  the  theory  of  the  refining  of  iron,  taking  as  a  bads  the 
Society,  1795.  labours  of  Vandermonde,  Berthollet,  and  Monge,  on  the  different 
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tunnel  and  afti-hole;  2.  the  fire-place;  3.  the  hearth  and  chim-  ^  was  an  air 
rri  ■  .  .  ,  -  .  ,  furnace  having 

ney.  lo  obtain  the  proper  degree  of  heat,  the  air  was  con-an  hearth  within 

dufted  through  a  vertical  tunnel  feveral  ells  long  (the  Saxon  edi  and  irs  chimney 
is  near  two  Englith  feet),  the  lower  aperture  of  which  was was  16 ^eett,l8h  • 
over  a  ftream  of  water,  and  confequently  it  brought  rapidly 
to  the  fire-place  a  fupply  of  freth  and  condenfed  air.  The 
fuel  was  wood;  the  bottom  of  the  furnace  was  an  oval  cavity, 
covered  with  a  heavy  coating,  and  capable  of  containing  three 
or  four  hundred  weight  of  metal.  The  flame,  which  traverfed 
the  furnace  with  rapidity,  efcaped  afterwards  through  a  chim¬ 
ney  eight  ells  high.  The  furnace  had  an  opening  capable  of 
being  clofed  at  pleafure  by  an  iron  door.  There  was  another 
above  the  fire-place,  a  few  inches  fquare,  ferving  to  admit  the 
nozzle  of  a  pair  of  bellows,  or  the  neck  of  a  retort. 

In  the  ufe  we  made  of  this  furnace  I  had  an  opportunity  of^n0x*^  parti* 
obterving  very  diftindtly,  that  in  the  flame  of  a  clofed  reverbe-  vi fib°e  i^the^ 
ratory  furnace  there  are  always  a  multitude  of  unoxided  par- flame  of  this 
tides  of  carbon,  which  impart  to  it  the  capability  of  reducing  clo^d  furnace* 
(ditoxiding)  metal.  This  opinion  I  had  already  announced  011 
occafion  of  a  memoir  of  Mr.  Dacamdra.  In  fome  of  our 
trials,  making  ufe  of  the  wood  of  the  Scotch  fir,  we  obferved, 
that  the  fmoke  iffuing  out  was  black  and  denfe,  and  this  the 
more  the  frefher  the  wood ;  but  as  foon  as  we  made  ufe  of  the 
bellows,  the  flame  appeared  clear,  becaufe  the  oxigen  intro¬ 
duced  by  the  air  or  vapour  oxided  the  carbon  that  was  in  the 
flame,  and  thus  produced  a  greater  heat. 


Fir  ft  Experiment  with  the  fmple  Fire  of  the  Furnace .  Exp.  r. 

The  furnace  having  been  heated  for  fome  hours,  and  the  fire  G‘‘ay  fine  grain- 
being  very  violent,  about  three  hundred  weight  of  metal  was  ^  ^"be¬ 

taken  from  the  crucible  of  the  high  furnace,  and  poured  into  ratory  furnace, 
the  reverberating  furnace.  This  cafi  iron,  when  become  folid,  f^hy'fcoria 
was  gray,  and  of  a  fine  grain.  At  the  expiration  of  an  hour  chiefly  carburet 
a  frothy  fcoria  appeared  on  the  furface  of  the  metal,  which,  toof  iron* 

ftates  of  iron.  Mr.  Lampadius  fliared  the  prize.  His  memoir  may 
be  confidered  in  general  as  a  confirmation  and  fupplement  to  the  la¬ 
bours  of  the  French  academicans;  the  experiments  which  he  made 
at  Muckenberg  in  Saxony,  in  the  iron  works  of  Count  Von  Ein- 
fiedel ,  affording  him  freth  proofs  of  this  theory.  T  hefe  experi¬ 
ments  are  here  prefented  to  the  reader.  H. 

D  2 
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Not  removable 
fur  adhering 
metai. 


The  metal  was 
brought  to  ebul 
lition. 

Carburated  hi- 
drogen  gas  evol 
ved. 


In  five  hours  it 
became  white 
and  coarfe 
grained, 
and  a  little  mal¬ 
leable. 

This  was  after¬ 
wards  refined 
fooner  than  com' 
mon  call  iron. 

The  procefs  of 
refining  iron  in 
a  reverberatory 
furnace 


Ibews  that  car¬ 
bon  is  burned 
off. 


judge  from  appearances,  confided  chiefly  in  carburet  of  iron. 
We  attempted  to  remove  it;  but  asfomeof  the  metal  adhered 
to  it,  and  came  away  at  the  fame  time,  we  defifled.  Soon 
after,  the  furnace  being  clofed,  we  beard  a  continual  boiling, 
refembling  that  of  a  vifcous  fubflance  in  a  clofe  veflel.  On 
opening  the  furnace,  we  perceived  that  the  whole  matter  in 
reality  boiled,  and  that  bubbles  were  continually  rifing,  which 
burft  on  the  furface  with  a  beautiful  bluifh  flame.  Thefe  jets 
of  flame  had  the  colour  exhibited  by  carburated  hidrogen  gas. 
I  he  boiling  continued  as  long  as  the  fire  was  kept  up  ;  at  the 
fame  time  a  pretty  large  quantity  of  fcoria  was  formed,  which 
however  could  not  be  removed,  on  account  of  the  vifcous  con¬ 
fidence  now  acquired  by  the  metal.  Befides,  as  the  metal  was 
frequently  dirred  to  prefent  a  frefli  furface  to  the  air,  the  fco¬ 
ria  mingled  with  it.  At  the  end  of  live  hours  it  was  no  longer 
fluid,  and  appeared  to  be  refined.  It  had  Jofl  its  gray  colour 
and  finenefs  of  grain,  was  white  and  coarfe  grained,  and 
fliowed  itfelf  more  malleable,  though  it  was  not  capable  of  be¬ 
ing  forged.  The  refiner  carried  it  to  his  ordinary  furnace,  and 
there  it  was  refined  in  lefs  time,  and  required  lefs  labour  than, 
common  cad  iron. 

As  in  this  trial  w-e  were  unable  to  feparate  (he  fcoria,  and 
no  change  had  been  made  in  the  form  of  the  hearth  of  the 
common  refinery,  which  ought  perhaps  to  have  been  done, 
nothing  pofitive  can  be  advanced  with  refpect  to  the  practical 
advantage  of  refining  by  the  help  of  reverberatory  furnaces ; 
we  were  merely  convinced  of  its  podibility,  and  enabled  to 
demondrale  the  theory  of  this  procefs,  that  is  to  fay,  of  feeing 
clearly  what  palled  in  the  operation.  The  cad  iron  was  here 
converted  into  malleable  by  means  of  the  oxigen  that  was  in 
the  little  atmofpheric  air,  which,  jointly  with  azote  and  car¬ 
bonic  acid  gas,  covered  the  metal  in  fufion.  This  oxigen 
combined  with  the  carburet  of  iron,  and  then  carbonic  acid 
gas  and  oxide  of  iron  were  formed  ;  this  produced  the  bubbles 
of  air  and  the  fcoria.  The  lightnefs  of  the  frothy  fcoria,  which 
arofe  to  the  furface  at  the  beginning,  was  the  reafon  of  their 
reparation  from  the  red  of  the  mafs;  but  as  foon  as  the  air  be¬ 
wail  to  act  they  were  deftroyed. 


Second 
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Second  Experiment ;  the  Fire  of  the  Furnace  being  affifled  by  Me  Exp.  II. 

Vapour  of  Water . 

/  • 

I  had  attempted  to  decompofe  carburet  of  iron  in  frnall  quan-  The  carburet  of 

tities  by  the  help  of  water  in  the  ftate  of  vapour.  By  heating  poft^by^ITeoiis 

the  carburet  red  hot,  the  water  was  decompofed,  and  I  ob-  vapour. 

tained  carbonic  acid  gas,  hidrogen  gas,  and  oxide  of  iron.  As 

the  chief  difference  between  caff  and  malleable  iron  confiffs  in  Application  of 

a  certain  quantity  of  carburet  of  iron  contained  in  the  former,  leXiing^ron6  t0 

and  which  mud  be  feparated  to  render  the  iron  malleable,  I 

was  defirous  of  trying  the  effe6t  of  water  in  vapour  on  caff 

iron  in  a  reverberatory  furnace,  principally  in  order  to  know 

how  far  the  refining  of  iron  might  be  carried  on  in  this  way. 

About  three  hundred  wTeight  of  caff  iron  of  the  fame  quali¬ 
ty  as  before,  and  juff  taken  from  the  high  furnace,  were  put 
into  the  reverberatory  furnace  as  in  the  preceding  experiment ; 
we  then  took  a  large  tubulated  iron  retort,  put  into  it  nine  or  Steam  was  in- 
ten  quarts  of  water,  fitted  a  gun  barrel  to  its  neck,  and  intro-  troduced, 
duced  the  end  of  the  gun-barrel  into  the  little  opening  in  the 
furnace.  The  water  in  the  retort  was  made  to  boil,  fo  that 
the  fleam  diffufed  itfelf  with  the  flame  over  the  melted  metal. 

At  the  expiration  of  half  an  hour  all  the  marks  of  refining  that 
had  been  obferved  before  were  perceptible  ;  the  ebullition  was  by  which 
confiderable,  and  the  flame  that  iffued  from  the  chimney  more pJocee^deTqukk- 
bright.  Two  hours  after  the  commencement  of  the  procefsly, 
frefh  water  was  put  into  the  retort.  In  about  three  hours  the 
metal  began  to  thicken,  and  at  the  end  of  four  hours  it  exhi¬ 
bited  the  marks  of  refined  iron,  and  we  imagined  the  opera¬ 
tion  to  be  finiflied.  We  found  the  grain  of  this  iron  finer,  but  the  iron 
however,  than  that  of  the  iron  operated  upon  in  the  preceding  "”e^rain» 
experiment,  and  the  mafs  was  full  of  little  blebs. 

We  gave  it  to  the  refiner,  who  treated  it  like  the  former;  ana  was  lefs 
but  to  our  great  aftonifhment  we  found  that  it  wrought  worfe^jj^ 
in  the  refinery  fire  than  caft  iron  the  mofl  difficult  to  refine.  It  fore, 
required  much  more  labour,  and  an  hour’s  time  longer. 

Having  a  flayed  a  fpecimen  in  the  fiate  in  which  it  came  out  There  was  more 
of  the  reverberatory  furnace,  I  found  it  to  contain  a  much  Iar-V|^®e^  ™h*ls 
ger  quantity  of  oxigen.  Experience  had  already  taught  me,  kinds  of  caft 
that  half  a  pound  of  gray  call  iron,  treated  in  a  retort  witVron' 
tour  ounces  of  charcoal  from  which  all  carbonic  acid  gas  had 
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been  expelled,  gave  32*  cubic  inches  of  carbonic  acid  gas. 
An  equal  quantity  of  white  caft  iron  afforded  163  cubic  inches 
of  the  fame  air.  Four  ounces  of  the  caft  iron  juft  taken  from 

the  reverberatory  furnace,  mixed  with  two  ounces  ot  charcoal* 

•  ^ 

yielded  96  inches,  or  1,92  inches  to  half  a  pound. 

Hence  we  may  infer,  that  the  proportions  of  oxigen  con¬ 
tained  in  thefe  different  kinds  of  caft  iron  are, 

In  iron  fuper-refined  by  the  vapour  of  water  -  192 

Common  while  caft  iron  -  -  -  -  -  165 

Gray  caft  iron  ------  96 

Th*s fuper-  To  the  iron  produced  in  the  experiment  juft  mentioned,  I 

rrfined  iron  im-  give  the  epithet  fuper-refined  + ,  becaufe  I  conceive  it  to  have 
bibed  oxigen  ,  '  r  .  , 

from  the  de-  been  formed  as  follows: — The  water  in  vapour  was  decom- 

compofed  water  p0fed,  and  deftroyed  the  carburet,  asatmofpherie  air  does  in 
ks^carburet!0  Cd  ordinary  refining  ;  but  at  the  fame  time  this  water  imparted 
to  the  iron  fo  large  a  quantity  of  oxigen,  that  in  the  refinery 
it  was  neceffary,  not  only  to  feparate  the  fcoria,  but  to  diloxide 
the  metal  hkewife.  This  experiment  farther  confirms  the  pro¬ 
perty  iron  poffeffes  of  becoming  oxided  in  different  degrees. 

If  this  "experiment  afforded  nothing  pradically  beneficial,  it 
has  at  leaft  thrown  fome  new  light  on  the  properties  of  caft; 
iron. 


Xxp.  III. 


Bellows  applied 
with  the  rever¬ 
beratory  furnace. 


The  heat  was 
much  greater. 


Third  Experiment ;  the  Fire  of  the  Furnace  being  affijied  by  the 

Action  of  Belloivs. 

The  fame  furnace  was  ufed,  and  the  place  of  the  retort  in 
the  preceding  experiment  w'as  fupplied  by  a  pair  of  double 
bellows  mounted  w  ith  leather,  5  feet  (4f.  8  in.)  long,  3  (2  f. 
10  in.)  broad,  and  4  (3.  f.  9  in.)  high  at  the  pofterior  extremity 
when  open.  It  was  fo  placed,  that  the  ftream  of  air  was  pa¬ 
rallel  to  the  flame  and  to  the  middle  of  the  furnace,  and  w'orked 
at  the  rate  of  eight  or  ten  ftrokes  in  a  minute.  We  w'ere  de- 
firous  of  feeing  how  far  the  air  thus  afiifted  would  carry  the 
refining;  the  furnace  being  managed  and  filled  as  belore. 

At  the  end  of  half  an  hour  the  heat  was  perceived  to  be 
much  greater  than  in  the  firft  and  fe.cond  experiments.  The 
phenomena  of  the  refining  already  mentioned  appeared  in  fuc- 


\ 


*  Probably  this  is  an  error  of  the  prefs  in  the  original  :  as  it  does 
not  agree  with  the  proportion  afligned  in  the  next  paragraph,  one 
of  the  two  muft  be  wrong. 

+  Or  furcharged  with  oxigen. 
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ceflion  ;  bat  inftead  of  the  frothy  fcoria  obtained  in  the  firft  The  fcoria 
effay,  a  very  fluid  flratum  was  formed,  which  diflufed  itfelt 
over  the  melted  metal,  and  prevented  its  refining.  This  fco-  It  was  blackilh 
ria,  when  grown  (olid,  was  of  a  blackifh  brown  colour  and  trre^^f-ra(aure, 
vitreous  fracture.  We  endeavoured  more  than  once  to  re- and  not  to  be 
move  it,  but  the  ftratum  was  fo  thin  as  to  render  it  impra£ti-remJVcd‘ 
cable :  As  foon  as  one  ftratum  was  removed,  another  formed.  Stirring  pro- 
At  the  expiration  of  four  hours,  the  metal  being  ftill  very  fluid,  Jea^andfcS- 
we  began  to  ftir  it,  in  order  to  bring  its  different  parts  (uccef-  dilating  com- 
fively  into  conta6t  with  the  air ;  this  produced  an  extraordinary  bullion, 
heat  in  the  furnace,  combuffion,  and  fcintillation,  refembling 
that  which  takes  place  when  iron  w'ire  is  burnt  in  oxigen  gas. 

This  oxidation  always  produced  freth  tcoria  :  as  foon  as  we 
deftfted  from  ffirring,  everything  became  quiet,  and  the  ftra¬ 
tum  of  fcoria  prevented  the  oxidation.  At  length,  after  three 
hours  longer,  making  feven  in  all,  during  which  the  melted 
mafs  had  frequently  been  ftirred,  it  (eemed  to  thicken  ;  per¬ 
ceiving  too,  that  it  diminifhed  considerably  in  quantity,  the 

fire  was  damped,  and  the  matter  left  to  cool  in  the  furnace.  It  iron  had 
r  loll  much  in  \ 

was  afterward  weighed,  and  found  to  have  loft  much  of  its  weight, 
weight.  Its  extraordinary  fracture  gave  reafon  to  prefume  a  Itsfradlure com- 
high  degree  of  oxidation;  for  inftead  of  being  gray  and  gra-  Jndiiuery# 
nulous,  it  was  compadi,  and  of  a  filver  white.  It  was  inter- I>orous* 

Iperfed  with  a  large  quantity  of  (pherical  cavities,  greater  or 
Iefs  in  fize,  which  evidently  announced  the  exiftence  of  an  ae¬ 
riform  fluid,  that  had  been  extricated  during  the  fufion. 

This  mafs  was  too  fmall  to  be  refined.  Having  examined  There  was  much 
.  .  ....  •  i  •  i  r  lofs,  and  the 

the  quantity  of  oxigen  it  contained  in  the  tame  manner  as  with  remain(]er  ac- 

the  other  fpecimens,  I  found  that  four  ounces  yielded  87  cubic  quired  much  ox- 
inches  of  oxigen  gas,  and  conlequently  nine  inches  lets  than1*’60* 
that  which  had  been  treated  by  means  of  aqueous  vapour. 

Thus  probably  here  too  the  oxidation  was  too  powerful,  and 
,t)ie  iron  was  fuper-refined.  As  the  metal  did  not  become  without  pairing 
doughy  in  the  courfe  of  the  procefs,  it  muff  have  been  fuper-  ^^bVllare. 
falurated  with  oxigen  without  paffing  through  the  ftate  of  mal¬ 
leable  iron.  The  carburet,  it  is  true,  muff  have  been  totally  The  carburet 
deftroyed  during  the  operation,  which  produced  the  filvery  dcftr0)ed* 
hue. 
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barrel  burft, 


VIII. 

Remarks  on  the  burfting  of  two  Mufquet  Barrels  by  a  Charge  of 
Gun-powder  confined  by  Sand.  W.  N. 

A  thin  mufquet  PaR  T  of  the  barrel  of  a  niufquet  of  which  the  internal  di- 
ameter  was  fix  and  a  half  tenths  of  an  inch,  was  corked  at 
one  end,  and  fine  fand  to  the  depth  of  twelve  inches  was 
poured  in:  upon  this  was  poured  two  inches  of  gunpowder 
and  a  (mall  tube  (o(  glafs)  was  then  ftuck  in  the  gunpowder, 
and  the  bore  of  the  tube,  which  was  about  one  twentieth  of 
an  inch  diameter,  was  filled  alio  with  gunpowder.  The  length 
of  the  tube  was  futficient  to  reach  clearly  above  the  top  of  the 
gun-barrel,  and  all  the  reft  of  the  (pace  in  the  barrel,  being 
about  thirteen  inches  above  the  charge,  was  filled  w  ith  fand 
lightly  poured  in.  In  this  ftate  the  barrel  was  fet  up  in  one 
corner  of  a  furnace  chimney,  and  a  match  ftuck  into  the  glafs 
tube  and  lighted,  afforded  lufficient  time  for  the  afhftants  to  re¬ 
move  out  of  the  dired  line  of  explofion  before  the  effed  could 
take  place. 

The  difcharge  lore  the  barrel  into  feveral  contorted  pieces 
in  the  part  near  the  charge  ;  the  upper  part  fell  unaltered,  and 
its  contents  of  fand  ran  out:  the  lower  part  alfo  fell  down, 
but  neither  its  fand  nor  cork  were  difturbed,  nor  was  that  por¬ 
tion  of  the  barrel  affeded. 

As  the  thicknefs  of  the  iron  did  not  exceed  one  thirtieth  of 
an  inch,  I  was  delirous  of  repeating  the  experiment  with  a 
ftronger  piece. 

A  mufquet  barrel,  2f  feet  long,  diameter  of  bore  five  tenths 

rel  c  ;arfeJ  of  an  inch,  and  thicknefs  of  metal  at  the  breach  full  one  quar- 
gunpowder  «nd  .  M 

fand.  ter  of  an  inch,  was  charged  with  278  grains,  or  a  little  more 

than  half  an  ounce  troy  of  gunpowder,  which  occupied  the 
fpace  of  four  inches.  Upon  this  charge  was  poured  fine  fand 
to  the  depth  of  twelve  inches,  weighing  1151  grains,  or  about 
2|-  ounces  troy,  and  upon  this  was  lightly  prefled  dowm  a  fuft 
wadding  of  gauze  paper,  for  the  purpofe  of  allowing  the  bar¬ 
rel  to  be  placed  horizontally  without  any  lubfequent  difturbance 
of  its  charge.  It  was  fafely  placed  in  an  horizontal  polition 
and  fired  at  the  touch  holelyy  means  of  a  train. 

Eff-a  of  the  T!,e  barrel  wa* torn  afunder  for  the  length  of  eight  inches, 
explofion.  the  part  neareft  the  breach-pin  being  opened  nearly  to  fiatnefs. 

The 


A  thicker  bir- 
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The  fand  remained  in  the  barrel.  Its  face  neared  the  blaft  was 
confolidated  to  a  very  fmall  depth,  and  I  think  the  mafs  had 
been  removed  or  elfe  jammed  more  clofely  together;  for  the 
fpace  unoccupied  between  the  place  where  the  breach  pin  had 
been  and  the  furface  of  the  fand  was  full  nine  inches.  But  as 
the  fand  was  not  immediately  noticed,  I  cannot  be  fure  that 
none  might  have  been  driven  or  fallen  out,  during  or  after  the 
blad ;  though  I  am  difpofed  to  think  not. 

It  mud  be  remarked,  that  the  powder  was  a  very  full  charge,  Remarks, 
and  that  the  fand  weighed  as  much  as  fix  mulket-balls  of  half 
an  inch  diameter.  I  do  not  however  apprehend  that  the  barrel 
would  have  burd  with  fix  balls. 

The  blading  of  rocks,  the  fplitting  of  logs  of  wood,  and  life*, 
the  dedrudtion  of  artillery  when  on  the  point  of  being  aban¬ 
doned  to  the  enemy,  are  the  leading  purpofes  in  which  the  ap¬ 
plication  of  fand  to  confine  gunpowder  is  likely  to,  become 
ufeful. 


IX. 

Report  of  a  Method  of  meafuring  the  initial  Velocity  of  Pro¬ 
jectiles  dij'charged  from  Fire-arms,  both  horizontally  and  with 
different  Elevations ,  made  to  the  Phyjical  and  Mathematical 
Clafs  of  the  National  Injlitute  by  Mr.  Prony,  Dec.  J  1,  1803. 

Abridged  from  the  Original*. 

It  is  not  much  above  dxty  years  fince  experiment  began  to  Robins firft  exa- 
be  applied  with  fuccefs  to  the  theory  of  projectiles.  ]yjr>mmed  the  velo- 

Benj.  Robins,  who  may  be  edeemed  the  fird  in  this  career,  tiles  by  the  pen- 
employed  a  pendulum  to  determine  the  initial  velocity  0fdulum> 
mufket  balls,  meafuring  it  by  the  arc  of  ofcillation.  Pie  like-  and  the  recoil  of 

wife  meafured  the  recoil,  by  fufpending  the  gun-barrel  from  pending 
the  pendulum. 

About  ten  years  after,  the  Chev.  cl’Arcy  publifhed  a  feries  D’Arcy  made 

of  experiments  in  the  memoirs  of  the  French  Academy  0[  hmilar  expen- 
c  .  .  J  ments  with  two 

sciences,  in  which  he  employed  two  pendulums,  againd  one  pendulums. 

of  which  the  ball  was  projected,  while  the  other,  to  which  the 

gun-barrel  was  (ufpended,  ferved  to  meafure  the  recoil. 

*  Journal  dcs  Mines,  No.  92,  p.  117,  May,  1804. 
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Count  Rum- 
ford’s  improve¬ 
ment. 


Dr.  Hutton’s 
exp.  are  the 
mod:  complete 


Antoni's  de- 
fcription  ot  Ma- 
they’s  machine. 


Dr. Hutton  with  Fifteen  years  after  this  Dr.  Hutton  made  many  experiments 
cannon  halls.  \yoa]vvjc|)  wi th  cannon  balls  by  means  of  the  pendulum. 

About  the  year  1778,  Count  Rumford  improved  this  me¬ 
thod  of  trial,  and  invented  a  very  timple  method  of  fufpending 
the  gun-barrel  fo  that  the  recoil  took  place  without  the  axis 
ceafmg  to  be  horizontal. 

Laffly,  Dr.  Hutton  refumed  the  fubject,  and  made  a  number 
of  experiments  from  1783  to  1786,  w-ith  much  care,  and  at 
on  the  fubjed.  great  expenfe,  on  both  kinds  of  pendulum.  Thefe  may  be 
confidered  as  forming  the  mod  complete  and  inftru&ive  treatife 
we  have  on  experimental  baliiflics. 

We  have  not  mentioned  the  labours  of  Antoni,  but  we  muff 
not  pafs  over  a  machine  deferibed  by  him  in  his  effay  on  gun¬ 
powder.  This,  w'hich  he  fays  was  invented  by  a  mechanic 
named  Mathey,  conhffs  of  a  horizontal  circle,  the  centre  of 
which  is  lupporled  by  the  fuperior  extremity  of  a  vertical  axis, 
and  ferves  as  a  bafe  to  a  cylindrical  envelope  of  paper.  A 
rotatory  motion  is  given  to  this  cylinder  by  means  of  a  cord 
paffing  over  a  leading  pulley  ;  and  the  proje&ile  being  dif- 
charged  horizontally,  wdien  the  angular  velocity  of  the  machine 
is  uniform,  in  a  vertical  plane  in  which  the  axis  is  found,  pierces 
the  cylinder  in  two  points,  the  difiance  of  the  fecond  of  which 
from  the  diameter  paffing  through  the  firft  rneafures  the 
arc  deferibed  by  the  machine  during  the  patfage  of  the  pro¬ 
jectile. 

The  machine  recently  invented  by  Col.  Grobert  is  con- 
flruCted  as  follow's : 

A  horizontal  rotatory  axis  about  34  dec.  (1  I  feet)  long  carries 
It  confiftsof  two  at  each  extremity  a  pafteboard  difk  perpendicular  to  it,  and 
^a^enec^  to  ^  f°  that  tl)e  whole  may  turn  rapidly  without  de¬ 
ar  the  extremi-  ranging  the  relpeCiive  pofitions  of  the  parts. 

ties  of  an  hori-  ^  rotator y  motion  is  given  to  the  two  difks  by  means  of  a 
aontal  axis.  r  J  J 

'  weight  fulpended  to  the  end  ot  a  cord,  which,  after  having 

paffied  over  a  pulley  ten  or  twelve  yards  from  the  ground,  is 

rolled  upon  a  wl.eel  and  axle  level  with  the  difks.  An  end- 

lefs chain,  paffing  round  the  wheel  and  the  rotatorv  axis  of  the 

difks,  communicates  to  this  axis  the  motion  which  the  weight 

in  its  defeent  imparts  to  the  wheel. 

The  advantages  this  machine  pofTeffes  ovc-r  Mathcyks  confift 

in  the  horizontal  pofition  of  its  axis,  which  admits  the  utmoft 

degree  of  firmnefs  and  regularity  in  the  poution  and  motion  of 

.the 


Col.  Grobert’ s 
newly  invented 
machine  de- 
feribed. 


X 


VELOCITY  OP  PROJECTILES# 


4S 

the  dilks  :  in  the  proje&ile  not  traverting  a  cylindrical  furface,  The  proje&ile  is 
bat  two  vertical  planes,  the  extent  and  didance  of  which  may  both  difks18 and 
be  contiderable,  and  thus  give  very  accurate  meafures :  and  the  rotation  pre* 
its  being  capable,  which  no  other  apparatus  is,  of  meafuring  j1oleSfromibein<i 
the  velocities  of  balls  of  different  fizes  projeded  at  different  oppoiite  that  on 

elevations.  *  Pa^e“ 

board • 

All  that  is  neceffary  in  ufing  this  apparatus  is  to  give  a  uni-  Method  of  ufing 
form  and  known  angular  velocity  to  the  difks ;  and  to  meafure  inftrument. 
the  arc  comprifed  between  two  planes  patling  through  the  axis 
of  the  difk,  and  one  of  them  through  the  hole  in  one  ditk,  the 
other  through  the  hole  in  its  oppofite. 

In  the  trials  made,  the  motion  became  fenfibly  uniform.  The  defcent  of 
when  the  w'eight  arrived  nearly  in  the  middle  of  the  vertical  weight  becomes 
fpace  it  had  to  traverfe,  as  was  found  by  tw'ice  meafuring  the  uniform, 
times  of  the  third  and  fourth  quarters  of  the  defcent,  and  after¬ 
wards  comparing  thefe  times  with  the  correfponding  fpaces 
palTed  through.  An  excellent  dop-watch  by  Lewis  Berthoud, 
and  another  by  Breguet,  wereufed  for  this  purpofe. 

In  mod  of  the  experiments  the  vertical  fpace  palled  through  The  fpace  of 

»  dcfccnt  W3S 

by  the  weight  was  meafured  by  the  turns  and  parts  of  turns  meafure<j  by 
of  the  cord  wound  off  in  a  given  number  of  leconds,  as  in  turns  of  the 
all  refpecls  mod  accurate  and  commodious.  cord* 

To  meafure  the  arc  a  fcreen,  or  padeboard,  was  hxed  before  Method of  mea- 
cach  dilk,  a  very  little  didance  from  it,  and  the  hole  in  the  between  holT 
drd  difk  being  brought  oppofite  to  the  hole  in  its  correfponding  and  hole, 
fcreen,  a  rod  carried  through  the  centre  of  thefe  two  holes  and 
of  the  hole  in  the  other  fcreen  which  would  be  oppodte  them, 
mud  pierce  the  fecond  dilk  in  the  planeol  the  hole  in  the  drd; 
and  the  arc  comprifed  -between  this  point  and  the  centre  of  the 
hole  in  the  farther  dilk  would  meafure  the  angle  defended  by 
the  apparatus  while  the  ball  was  traverling  the  length  of 
the  axis. 

It  is  obvious,  that  the  fixed  fereens,  which  give  the  abfolute  Two  fixed 
dire&ion  of  the  path  of  the  ball,  afford  the  means  of  diewing  J^frew^nyle- 
the  defedt  of  parallelifm,  if  there  beany,  between  this  path  and  feft  of  paral- 

the  axis  on  which  the  dilks  revolve.  the^pa^odhc 

The  gun-barrel  was  fixed  horizontally,  parallel  to  the  axis  ball  and  the 
of  the  difks,  and  at  fuch  a  didance,  that  the  concudion  of  the  axl5, 
air  by  the  expbudon  could  not  ade£i  the  motion  of  the  neared 

difk.  _ 

3  -  One 


u 

The  time  fup- 
pofed  too  fhort 
to  allow  a  mea- 
furable  aic. 


But  it  did  not 
prove  fo. 


The  fire-arms 

experimented 

with. 


Formula  for  cal¬ 
culating  the  ve- 
lociiy. 


Mean  velocity 
with  a  carbine, 
7269  f.  per  fee. 
with  a  mufket, 
3397. 
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One  thing  may  naturally  fuggeft  itfelf,  which  is,  that  th<5 
time  of  the  bal Ps  palling  from  one  difk  to  the  other,  through  a 
fpace  of  three  or  four  yards,  muff  be  lets  than  -rc-^of  a  fecond; 
and  it  is  difficult  to  conceive,  that  in  fo  fhort  a  (pace  the  difk 
could  deferibe  an  arc  capable  of  being  meafured. 

But  this  difficulty  is  eatily  folved  by  the  fa£t.  When  the 
motion  became  uniform,  the  wheel  and  axle  commonly  made 
0'833  of  a  turn  in  a  fecond ;  and  every  turn  of  the  wheel  pro¬ 
duced  7*875  turns  of  the  axis  of  the  difks,  which  confequently 
made  6*56  turns  in  a  fecond.  Thus  a  point  on  the  difk  three 
feet  from  the  axis  would  move  about  41  yards  in  a  fecond, 
and  in  of  a  fecond  T\'-$  of  a  yard,  or  nearly  15  inches,  a 
length  more  than  fufneient  for  the  mofl  accurate  meafurement. 

The  experiments  were  made  with  a  loldier’s  firelock  and  a 
horfeman’s  carbine,  the  lengths  of  which  in  the  bore  were 
3  f.  8  in.  and  2  f.  5  in.  The  balls  were  accurately  weighed, 
found  to  be  on  a  medium  382  grains  troy,  and  each  was  im¬ 
pelled  by  half  its  weight  of  powder. 

The  following  formula  was  employed  for  calculating  the 
velocity  of  the  balls.  Putting  for  the  femiperipherv,  when  ra¬ 
dius  is  unity  =  3.141;  k  for  the  ratio  between  the  turns  made 
by  the  wheel  and  axle  and  the  arbor  of  the  difks ;  t  the  time 
employed  by  the  wheel  and  axle  to  make  a  number  of  turns 
n ;  r  the  difiance  of  the  hole  in  the  fecond  difk  from  the  centre ; 
a  the  arc  deferibed  by  this  hole  while  the  ball  paffes  from  one 
difk  to  the  other;  b  the  difiance  between  the  difks ;  and  V  the 
velocity  of  the  ball :  we  (hall  have  the  equation 


V  = 


2  ^  n 


b . 


k  t  a 

The  mean  velocity  deduced  from  ten  experiments  with  the 
carbine  was  1269  feet  and  a  half  in  a  fecond  ;  that  from  the  ex¬ 
periments  with  the  mulket,  1397  feet.  Thefe  being  in  the 
ratio  of  II  to  10  nearly,  it  would  appear,  that  the  length  of 
the  foldiers\s  firelock  might  be  reduced  without  much  diminifh- 
ing  its  range*:  but  there  are  other  circumfiances  in  a  military 
view,  by  which  the  length  of  the  weapon  ufed  by  the  infantry 
requires  to  be  regulated. 


*  The  differences  of  the  range  arc  much  lefs  than  thofe  of  the 
velocity.  See  Dr.  Hutton. — T. 
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'I  he  commiflioners  made  fome  experiments  with  half  charges  With  |  of  pow- 
or  with  powder  only  to  the  quantity  of  one  fourth  of  the  weight  829 

of  the  ball.  In  thefe  the  mean  velocities  were,  for  the  fire¬ 
lock  829  feet,  for  the  carbine  8 22*-.  Thefe  velocities  do 
not  differ  fo  much  from  each  other,  and  confiderably  exceed 
the  half  of  thofe  given  by  the  full  charge,  which  may  be 
afcribed  chiefly  perhaps  to  the  more  complete  firing  of  the 
powder. 

The  commiflioners  were  defirous  likewife  of  making-  fome  The  refinance 

O  r  ,1 

experiments  on  the  refiffance  of  the  air  to  the  motion  of  the  yLds^Tmbifheri 
ball,  the  diameter  of  which  was  from  15  to  16  millemetres  the  velocity 
(5*8755  lines  to  6-2672.)  For  this  purpofe  the  mouth  of  the  neaily  one*fifth* 
gun-barrel,  which  at  fir  ft  was  7  f.  9  in.  from  the  neareft  fixed 
fcreen,  was  removed  to  the  dilfance  of  67  f.  9  in.  In  this 
fituation  the  mean  velocity  of  the  mufket-ball  was  1127  f.  in- 
ftead  of  1397,  fo  that  it  was  dimini  fired  nearly  in  the  ratio  of 
42  to  34.  The  experiments  of  this  kind  however  were  few 
in  number. 

There  is  no  doubt  but  the  dimenfions  of  Col.  Groberl’s  ap-  The  apparatus 
paratus  may  be  enlarged,  fo  as  to  adapt  it  to  experiments  with  withad- 
cannon  balls ;  though  it  is  not  eafy  to  fay  without  trial  what  vantage, 
dimenfions  would  be  compatible  with  accuracy  of  experi¬ 
ment. 

The  Colonel  likewife  propofes  an  alteration  in  it,  for  mea-  Mode  of  adapt- 

furing  the  velocity  of  projectiles  at  different  elevations,  as  farinsit,tod.,ffer“ 

0  ,  .  .  .  ent  elevations, 

as  45°.  I  he  following  is  his  contrivance  for  this  purpofe. 

Each  of  the  difks  has  a  feparate  axis.  The  wheel  and  axle 
has  a  wheel  at  each  end,  with  an  endlefs  chain,  one  turning 
the  arbor  of  one  difk,  the  other  that  of  the  other.  Thus  the 
rotatory  motion  imparted  by  the  defcending  weight  is  com¬ 
municated  equally  to  both  difks  at  the  fame  time,  fhe  wheels 
and  arbors  being  made  exactly  of  correfponding  dimenfions. 

The  ftand  of  the  difk  fartheft  from  the  gun  is  moveable  in  a 
vertical  direction,  fo  that  it  may  be  raifed  to  the  neceffary 
elevation  ;  a  few  links  being  added  to  the  endlefs  chain  for 
every  different  height.  As  the  difk  is  raifed  indeed,  it  be¬ 
comes  inclined  to  the  path  of  the  ball ;  but  as  the  greateft 
diminution  that  can  take  place  in  this  way  is  in  the  ratio  of 
about  7  to  5,  a  fufficient  field  is  ftill  left  for  pointing  with 
precifion. 

To 
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Additional  ma¬ 
chinery  for 
counting  time, 

Ac. 


The  motion  of 
the  diflts  does 
not  aft'  ft  the 
path  of  the  ball. 


Experi  mental 
proof. 


This  owing  to 
the  velocity. 


To  prevent  any  miftake  from  want  of  attention  in  the  perfons 
employed,  Col.  Groberl  lias  added  certain  pieces  of  mechanifm 
to  his  apparatus,  by  means  of  which  the  weight,  when  it  has 
defcended  to  a  certain  point,  puts  in  motion  a  fecond  pendu¬ 
lum  to  count  the  lime,  and  a  fyftem  of  wheels  and  pinions 
connected  with  the  wdieel  and  axle  to  indicate  the  number  of 
turns  made  by  it.  By  timilar  contrivances  it  difcharges  the  gun, 
and  (lops  the  pendulum  and  the  counter  of  the  turns  at  the 
proper  time.  Thefe  may  occafionally  be  of  u(e,  but  compli¬ 
cated  machinery  is  always  liable  to  get  out  of  order,  and  it 
may  be  difpenfed  with  here,  if  the  obtervers  be  ever  lo  little 
expert  and  attentive. 

It  might  be  tulpefted,  that  the  motion  of  the  firft  difk  would 
caufe  foine  deflection  of  the  bafl  from  its  true  path  before  it 
reached  the  fecond.  To  afcertain  this,  three  fcreens  were  fixed 
at  equal  diftances,  the  fecond  and  third  being  placed  before  the 
firlt  and  fecond  dilks  refpectively.  Now  it  is  obvious,  that  the 
hole  in  the  third  (creen  would  not  be  in  the  fame  vertical  plane 
with  thofe  made  in  the  firft:  and  fecond,  if  any  deviation  took 
place. 

A  ball  being  fired  through  the  apparatus  thus  arranged,  a 
plumb  line  was  fufpended  before  the  centre  of  the  hole  in  the 
firft  fcreen,  and  the  moft  accurate  obfervation  could  not  dif- 
cover  any  deviation,  but  that  the  fame  line  cut  the  centres  of 
all  the  three  holes.  This  experiment  w'as  feveral  times  re¬ 
peated  with  the  fame  event. 

The  fa£t  no  doubt  is,  that  the  extreme  fhortnefs  of  the  time, 
(for  the  temidiameter  of  the  ball  is  not  the  forty  thoufandth  part 
of  a  fecond  pafling  (he  difk)  does  notallow  (he  difk  fenfibly  to 
affect  the  path  of  the  ball ;  much  lefs  can  the  ball  have  any 
effect  on  the  motion  of  the  difk. 

It  may  not  be  amifs  to  obferve,  that  the  diftance  of  the  far- 
theft  (creen  being  about  twelve  yards  only,  the  inflexions  ob- 
lerved  by  Robins  in  diftances  of  a  hundred  yards  were  not  likely 
to  take  place. 
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Fad  concerning  the  invifihle  EmiJJion  of  Steam  into  the  Air , 

W.  N. 

Soon  after  Mr.  Giddy  had  mentioned  to  me  the  very  re¬ 
markable  and  curious  facts  of  which  an  account  is  given  at 
page  1  of  the  prefent  Number,  I  was  engaged  in  the  experi¬ 
ments  on  the  fimmering  of  w'ater  related  at  p.  216  of  Vo!.  X. 
1  then  made  an  experiment  which  may  perhaps  in  a  fmall  degree 
elucidate  thofe  phenomena,  A  fmall  glafs  tube  was  fluck 
through  a  cork,  and  this  was  then  prelfed  into  the  neck  of  the 
retort  in  which  water  was  boiling  over  the  lamp.  The  (team  was 
emitted  through  this  fmaller  aperture  in  a  vifible  jet  of  upwards 
ot  a  foot  in  length.  But  when  a  candle  was  held  with  its 
flame  immediately  beneath  the  end  of  the  tube,  the  jet  became 
perfectly  invifible.  To  determine  whether  the  water  might 
be  decompofed,  or  the  fleam  fimply  expanded  fo  far  as  to  be 
abforbed  by  the  air,  or  if  condenfed  to  form  a  vapour  too  thin 
to  be  perceived,  I  fuffered  the  hot  invifible  current  which  had 
patfed  through  the  candle,  to  pafs  through  a  larger  glafs  tube.  In 
this  cafe  vifible  fleam  ilfued  plentifully  from  the  farther  end  : 
Hence,  I  am  difpofed  to  judge  that  the  large  tube  having  kept 
the  very  hot  fleam  together  and  cooled  it  fo  as  to  render  it 
vifible  again,  there  was  little  if  any  decompofition  of  the 
water.  But  at  the  fame  time,  when  we  confider  the  difap- 
pearance  of  the  denfe  (moke  in  Mr.  Giddy's  experiment,  there 
feems  to  be  great  reafon  to  think  that  the  charcoal  was  oxi- 
genated  and  gazified.  If  fo,  the  produds  mufl  have  been  ex¬ 
panded  and  invifible  fleam,  hidrogen  and  carbonic  acid.  By 
polleding  the  produds  in  an  experiment  of  this  kind,  thefe 
conjedures  will  either  be  verified  or  refuted.  If  the  former, 
we  fhall  have  the  decompofition  of  water  and  oxigenation  of 
carbon  at  a  lower  temperature  than  has  hitherto  been  (hewn  or 
expeded. 


Steam  was  vl- 
fibly  emitted  in 
a  current: 


It  became  In¬ 
vifible  when  it 
pafifed  above  the 
flame  of  a 
candle  j 


but  the  fleam 
was  not  decora, 
pofed  : 


Perhaps  fome 
part  may  have 
been  changed. 
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XI. 


The  experi¬ 
ments  made  to 


Experiments  made  v. nth  the  Water  blowing  Machines  of  the  Irort 
li  orks  of  Poullanuen ;  by  Citizens  Beaunier  and  Gallo  is, 
Mine- Engineers  *. 

Our  object  was  to  afcertain  the  differences  in  denfity  of 
Ihcwthe  effects  t,ie  air  w,«-hin  a  blowing  machine,  under  the  various  circum- 

DachinT16  f\ances  by  which  it  might  be  affected;  and  at  the  fame  time, 
we  endeavoured  to  find  what  may  be  the  mofl  advantageous 
mode  of  conftruCting  the  machine,  to  produce  the  greateft 
effect  with  the  lead  expenditure  of  water. 

Former  accounts  One  of  the  chief  caules  of  the  doubts  that  have  arifen  re- 
ate obicuie,  fpecting  the  fuppredion  or  retaining  of  certain  arrangements 
in  the  conftrudtion,  was  the  omitting  to  deferibe  the  machines, 
the  experiments  with  which  have  been  compared.  We  (hall 
therefore  previoufly  notice  the  principal  diftinflions  that  may 
be  made  between  thefe  machines,  from  the  manner  in  which 
their  effedt  is  produced. 

Two  kinds  of  Or.  Lewis  obferves,  that  there  are  two  general  methods  of 

\\a;er  blowing  cauting  the  air  to  be  conveyed  by  the  water  in  the  blowing 
engines,  as  the  ,  .  J  J  ” 

air  is  received  machines.  In  the  nrd,  the  water  receives  the  air  by  the 

attop^  or  from  jummit  of  the  machine;  in  the  fecond  it  receives  it  by  lateral 

apertures :  and  he  lays  it  down  as  a  principle,  that  thofe 

circumdances,  which  promote  the  effect  in  the  one  cafe,  are 

detrimental  to  it  in  the  other. 

He  obferved  further,  that  if  the  water  be  at  red  in  the 
funnel  of  the  machine,  (fee  Plate  III.  Fig.  2.)  and  afterward 
have  liberty  to  run  off,  it  carries  little  or  no  air  with  it  ;  that 
an  upright  pipe  if  the  w’ater  have  a  gyratory  motion  in  the  funnel,  it  carries 
a  fliower  of  ^  down  a  condderable  quantity;  and  that  if  it  fall  from  a  cer- 
water  and  air  fain  height,  fo  as  to  have  been  greatly  divided,  it  carries  dill 
defended.  more:  that  if  the  w^ater  dovv  through  a  pipe  with  lateral- 
apertures,  it  receives  air  through  thefe  apertures,  even  when 
its  motion  is  dow  :  that  if  the  pipe  be  of  equal  diameter 
throughout,  the  quantity  of  air  thus  received  is  incondderable ; 
Lateral  apertures  but  if  the  diameter  be  diminifhed  to  a  certain  degree  at  the 

lidmiuing  the  Parl  where  the  aPer*ures  are  made,  (he  quantily  of  air  is 
greater  than  could  have  been  introduced  through  the  funnel 


General  ob- 
fervations  of 
Dr.  Lewis. 
The  engine  is 


air 

/ 


*  Tranflated  from  the  Journal  des  Mines,  No.  91. 
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Without  any  lateral  openings  to  the  air:  Iaftly  he  obferve$, 
that  air  conveyed  downward  from  the  top  of  the  tube,  or  the 
funnel,  prevents  the  introduction  of  the  ire th  air  by  the  lateral 
apertures,  which  in  this  cale,  inftead  ot  receiving  more  air. 

Jet  that  which  has  been  already  introduced  efcape. 

Lewis  concludes,  that  the  two  methods  by  which  air  may 
be  made  to  defcend  with  a  fiream  ot  water,  .ought  not  to 
be  united  in  one  machine  ;  and  that  the  machine  confirudfed 
with  a  pipe,  a  funnel,  and  apertures  to  let  the  air  enter 
around  or  below  die  throat,  produces  the  moil  powerful 
■effedt. 

*  » *  ■  '  i  y  t  1  /  ; 

The  machine  on  which  we  made  our  experiments  was  of  The  machine  of 

the  conftruction  which  Dr.  Lewis  has  deemed  moti  advantage*-  !  i)U!!aouen  de* 

lcribed. 

ous.  bee  big  2. 

The  height  ot  the  tall,  taken  from  the  bottom  of  the  cbanne’  Height  of  the 
•  that  conveys  the  water  to  the  upper  part  of  the  bairel  B,  is  raiJ' 

21  feet  6  inches. 

The  height  of  the  funnel,  from  the  bottom  of  the  fame  Funnel  at  top 
channel  to  the  throat  x,  is  feven  feet*  This  funnel  is  of  the  otthsp.pe. 
fhape  of  a  fruflum  of  an  inverted  cone,  the  larger  diameter 
ot  which  is  12.  inches,  the  fmaller  four.  The  remainder  of 
the  tube  down  to  the  barrel,  is  a  cylinder  eight  inches  in 
diameter. 

The  plank  N,  12  or  13  inches  wide,  is  fixed  one  foot  Bairel  or  air 
below  the  head  of  the  barrel.  The  barrel  is  fix  feet  high.  v  ffe!* 

The  water  iffues  out  of  the  barrel  by  the  triangular  apertures  The  wat-m  flows 
t  tty  and  is  conveyed  away  to  a  drain  by  the  channel  M,  the  ^eneath  > 
bottom  of  which  is  four  feet  higher  than  that  of  the  barrel. 

Tire  air  comprclfed  by  the  external  water,  the  level  of  and  the  air  is 
which,  as  will  toon  be  proved,  is  from  27  to  30  inches  above  G°nveyed 
that  of  the  Water  in  the  barrel,  elcapes  through  the  tube  P,  at 
which  is  a  hollow  cylinder  five  inches  in  diameter. 

j 

This  tube  P,  called  alfo  the  air-pipe,  terminates  in  a  conical  Air-holes  in  the 
nozzle,  having  an  aperture  of  two  inches  only.  upright  pipe. 

Immediately  below  the  throat  x,  are  four  air-holes  y'  y. 

Th  is  being  premifed,  we  proceed  to  the  inlirument  em¬ 
ployed  by  us  for  determining  the  denfity  of  the  air  in  the 
machines. 

It  was  invented  by  Citizen  Vergnies  Bouifchdre,  pro-  G.-rge  for 

prietor  of  the  iron  works  at  Vic-Deffos,  in  the  ci-devant  Jie',5unnf 

\r  vit  denlicy  pt,  the 
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It  is  a  thort  ba¬ 
rometer  gage 
inferted,  th^ 
fluid  being 
water. 
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county  of  Foix,  and  is  a  particular  kind  of  barometer,  to 
which  the  name  of  water  anemometer  has  been  given.  See 
Fig.  6. 

It  is  compofed,  iff.  of  a  cylinder  A  ;  2d.  of  a  tube  c, 
bent  twice,  the  lower  extremity  of  which  is  flightly  conical, 
and  terminates  about  two  inches  below  the  bottom  of  the 
cylinder;  3d.  of  a  graduated  tube  d  inferted  in  a  vertical 
pofition  into  the  cylinder,  and  reaching  below  the  level  n 
of  the  water  contained  in  it. 

The  tube  c  being  inferted  into  an  auger  hole  made  in  the 
fide  of  the  blowing  machine,  and  flopping  that  hole  clofely, 
the  internal  comprefled  air  communicates  with  the  water  con¬ 
tained  in  the  anemometer,  preffes  upon  it,  and  in  proportion 
to  its  denlity  raifes  to  a  Iefs  or  greater  height  in  the  graduated 
tube. 

The  cylinder  A  and  the  tube  c  are  of  tin.  The  lower  part 
of  the  tube  d  to  the  height  of  nine  inches  is  of  the  fame  ma¬ 
terial,  to  which  is  fitted  a  glafs  tube  about  36  inches  long. 

The  cylinder  A  is  four  inches  high  and  as  many  in  diameter. 
The  greateft  diameter  of  the  curved  tube  is  half  an  inch,  the 
final  led,-  at  the  extremity,  a  third  of  an  inch.  On  obferving 
however,  that  the  fize  of  this  opening  contributed  to  increafe 
the  extent  of  the  ofcillations  in  the  graduated  tube,  we  en¬ 
deavoured  Jo  diminifb  it  as  much  as  pofiible.  For  this  purpofe 
we  clofed  the  lower  part  of  the  tube  c  with  fealing  wax,  in 
which  we  afterward  made  a  very  fmall  aperture  by  palling  a 
heated  needle  through  if. 

The  tube  d  was  divided  by  a  fcale  of  inches,  beginning 
from  the  furface  of  the  water  contained  in  the  cylinder  *. 


with  the  blowing 
*ia«hine. 


ACCOUNT  OF  THE  EXPERIMENTS. 

.Experiments  I.  Experiments  relative  to  the  Expenditure  of  Water,  and  the 

Quantity  of  Air  difengaged. 

The  blowing  machine  No.  1,  fee  the  horizontal  proje&ion. 
Fig.  1 .  to  which  for  the  fake  of  clearness  we  fiiall  refer  our 
different  experiments,  ferved  for  the  trial.  It  was  placed  in 
a  T,  oppolite  the  machine  No.  2,  deftined  for  the  fame  pur- 

*  The  great  difference  between  the  diameter  of  the  tube  d,  and 
that  of  the  cylinder  A  allows  the  level  n  to  be  confidcred  as  con- 

-ftant ,  1  *  *  ^  * 

pofe. 
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pole.  The  afflux  of  water  into  each  was  regulated  by  means 
of  the  hatches  a  and  5,  and  the  diftant  floodgate  Q,  placed 
in  the  principal  channel  D.  See  the  plan  Fig.  I  .  Plate  . 

The  anemometer  was  placed  in  o,  Fig.  2,  in  the  dire&ion 
of  the  vertical  tube  P  protracted.  The  hatch  placed  in  b  was 
let  down,  fo  as  to  prevent  the  paffage  of  the  water  that  way. 

The  hatch  placed  in  a  was  railed,  and  the  flow  of  water  re¬ 
gulated  by  means  of  the  floodgate  Q.  This  flow  we  varied, 
till  we  found  the  water  in  the  graduated  tube  raifed  as  high 
as  could  be  effected  without  any  other  change  of  circumflance. 

When  we  were  certain  we  had  attained  this  point,  and  that 
no  variation  in  the  quantity  of  water  flowing  off  took  place, 
we  made  the  following  obfervations. 

1. The  mean  depth  of  the  water  in  C,  in  the  little  channel,  Obfervations. 
juft  before  the  T,  w'as  15  inches  6  lines. 

2.  The  mean  depth  of  the  water  in  the  great  channel,  was  j 

18  inches  9  lines. 

3.  The  water  rofe  to  26  inches  in  the  graduated  tube.  The 
©fcillations  varied  between  25  and  27  inches,  but  feldom 
reached  the  latter  height. 

4.  The  velocity  of  the  water  in  the  great  channel  having 
been  obferved,  the  following  data  were  obtained.  x 

Examined  by  means  of  ftmple  floaters  of  paper,  on  an 
extent  of  24  feet,  we  had, 

lft.  The  fpace  paflfed  through  in  two  minutes  =  61  feet, 

8  inches,  6  lines. 

2d.  The  fpace  paffed  through  in  four  minutes  =  120  feet, 

6  inches. 

The  fame  velocity  examined  with  cork  floats,  fupporting  Method  of  mea« 

little  balls  of  wax,  the  weight  of  which  was  augmented  by  fu‘ine  the 

°  o  j  velocity  of  the 

bits  of  lead,  fo  that  they  fwam  in  the  middle  of  the  ftream  water. 
with  a  gravity  little  exceeding  that  of  water,  we  had  for  a 
mean  of  the  fpace  paffed  in  two  minutes,  63  feet,  7  inches, 

4  lines. 

If  we  compare  thefe  different  refults,  we  (hall  find,  that 
the  mean  velocity  of  the  water  may  be  eftimated  at  30  feet, 

11  inches,  l  line,  a  minute:  but  as  it  appears  to  us,  that  the 
refults  afforded  by  the  cork  floats  muft  approach  neareft  the 
truth,  we  will  pay  no  regard  to  the  quantities  before  obtained, 
and  eftimate  the  mean  velocity  of  the  water  in  the  greater 
channel,  at  31  feet,  9  inches,  8  lines,  a  minute. 

E  2 
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Now  ihe  breadth  of  the  channel  employed  Is  3  feet, 
inches,  and  we  obferved,  that  the  current,  the  velocity  of 
which  we  have  given,  is  18  inches  9  lines  deep.  Hence  we 
may  conclude,  that  the  confumption  of  water  by  the  ma¬ 
chine,  under  the  circumdances  above  mentioned,  is  173 
cubic  feet  in  a  minute,  the  height  of  the  column  of  water  in 
the  indrument  being  26  inches. 

From  the  method  deferibed  in  the  Hydrodynamics  of  Boffut, 
we  calculated  the  quantity  of  air  which  this  mafs  of  water 
caufes  to  ilTue  from  the  machine  in  a  given  time.  This 
quantity  of  air  was  found  to  be  7.35  cubic  feet  in  a  fecond, 
or  441  in  minute  *. 


II.  Experiments  on  the  Effect  of  the  Air-Holes. 

1.  On  flopping  the  four  air  holes,  the  water  in  the  tube  of 
the  indrument  defeended  to  nine  inches,  and  oscillated  very 
little.  The  eftiux  of  the  water  from  the  machine  acquired  a 
velocity  fufficient  to  diminidi  the  depth  of  the  water  in  the  little 
channel  C,  Fig.  1  and  2,  near  the  T,  fix  inches. 

2.  One  of  the  air-holes  being  opened,  the  water  in  the 
tube  ofcillated  between  22  and  24  inches.  The  mean  =  23 


inches. 


‘/ft  .. 


3.  A  fecond  air-hole  being  opened,  the  mean  height  of  the 

water  in  the  lube  was  25  inches.  7  «  » 

4.  A  third  air-hole  being  opened,  the  Columns  of  water  in 
the  tube  rofe  to  its  former  height  of  26  inches. 

5.  The  fourth  hole  being  opened,  no  perceptible  altera¬ 
tion  in  the  indrument  took,  place,  which  proves,  that  this  hole 
has  no  effect  on  the  machine. 


Obi 


III.  Experiments  on  the  Uje  of  Croffes  placed  at  the  fuperior 

Orifice  of  the  Machine. 


Some  iron-maders  are  accudomed  to  place  two  round  bars 
in  the  form  of  a  crofs  at  the  upper  orifice  of  the  funnel  of  the 
machine.  Thefe  they  imagine  increafe  the  effect  of  the 

*  machine  by  dividing  the  water  at  the  moment  of  its  fall. 

•  -  <  .•  h  .  .  .  .  .  ■ 

*  If  thefe  refults  be  compared  with  thofe  of  the  cylindrical  bel¬ 
lows  of  the  country  of  Namur,  deferibed  by  Cit.  Bailbet,  in  No.  16, 
of  the  Journal  des  Mines,  it  will  appear,  that,  to  give  out  an  equal 
quantity  of  air,  the  quantity  of  water  expended  by  the  blowing 
machines,  with  a  fall  more  than  twice  its  height,  is  nearly  double 
that  employed  to  move  the  cylindrical  bellow*. 


To 
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To  judge  of  th is  in  the  cafe  before  us,  we  fitted  in  one 
of  thttc-cH  lies,  a!!  the  other  cireumftances  remaining  as  above, 
and  then  ohferved  the  progrefs  of  the  infirument. 

The  column  of  water  in  the  tube  frequently  defcended  to  They  diminish 
24  inches,  and  leldom  rofe  to  26  :  whence  we  may  eflimate^  cdedt. 
the  mean  height,  which  before  was  26  inches,  only  24|. 

Now  this  difference  occafions  a  diminution  of  velocity  in 
the  tffl  :x  of  t!  e  air,  and  confequently  thews  the  faultinefs  of 
this  method  under  the  circumfiances  here  mentioned, 

IV.  Experiments  on  the  Effect  of  Hatches  placed  near  the  Orifice 

of  the  Machine, 

The  hatch  a  Fig.  1.  was  replaced  in  the  grooves  adapted  Advantage  of 
to  the  channel.  We  altered  its  height  from  the  bottom  of  the  [nflux^wat^r. 
channel,  obferving  the  movements  of  the  anemometer,  in 
order  to  find  the  pofition  mofl  favourable  for  the  eftedl  of  the 
mach:ne. 

The  mean  height  of  the  column  of  water  in  the  tube  never 
exceeded  28  inches,  the  elevation  of  the  lower  part  of  the 
hatch  above  the  bottom  of  the  channel,  being  then  five  inches 
one  line;  and  it  is  remarkable,  that  the  difference  of  a  fingle 
line  in  this  elevation  lowered  the  water  in  the  tube  confider- 
ably, 

V.  Experiments  on  the  Croffes  when  the  Hatch  is  nfed. 

The  hatch  being  placed  as  has  juft  been  faid,  we  fitted  the  When  thus  re- 
crofs  again  at  the  fuperior  aperture  of  the  funnel,  when  thegu,atc^* 
water  in  the  tube  of  the  anemometer  funk.  We  then  varied 
the  height  of  the  hatch  above  the  bottom  of  the  channel, 
obferving  the  progrefs  of  the  infirument,  to  determine  the 
mofl  advantageous  pofition  for  it  under  the  prelent  circum¬ 
fiances. 

The  elevation  of  five  inches  eight  lines  was  now  found  The  crofs  pro¬ 
file  mofl  favourable  to  the  effe6t.  With  this  the  water  afcil-duce<i  more  air* 
lated  in  the  tube  between  2S  and  30  inches,  mofl  frequently 
reaching  the  latter  height,  which  we  could  never  bring  it  to 
exceed,  whatever  changes  we  made  in  the  arrangement  of 
the  parts  that  compofe  the  machine. 

If  we  compare  the  fituation  of  the  hatch  before  the  addition  but  expended 
of  the  crofs,  with  that  which  is  mofl  fuitable  in  the  cafe  m°re w‘u"r'*' 
before  us,  we  find  an  increafe  of  feven  lines  in  the  height 
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General  eonclu- 
fion<.  The 
engine  by  173 
Cub  c  feet  fall¬ 
ing  through  zj 
feet,  drove  out 
441  cubic  feet 
of  air  in  a 
minute,  under  a 
prcfluie  of  26 
inches  of  water 
on  nearly  two 
inches  of  mer¬ 
cury  ;  which  is 
rot  quite  one 
pound  per  fquare 
inch. 


from  the  bottom  of  the  channel:  now  this  addition  to  the 
height  confiderably  increafes  the  quantity  of  water  expended 
by  the  machine. 

Conclufinns  from  thefe  Experiments. 

(A.)  Under  the  circumftances  related  in  the  firft  fet  of 
experiments. 

1.  The  expenditure  of  water  for  the  blowing  machine 
with  which  they  were  made  was  173  cubic  feet  in  a  minute. 

2.  The  air  emitted  from  the  aperture  of  the  nozzle,  being 
two  inches  in  diameter,  when  the  anemometer  wfas  at  26 
inches,  was  441  cubic  feet  in  a  minute. 

(B.)  Of  the  four  air-holes  in  the  machine,  three  only  con¬ 
tribute  to  the  effect  produced. 

(C.)  The  hatch  placed  near  the  orifice  of  the  machine  in* 
created  its  effect,  when  the  lower  part  of  it  w'as  raifed  five 
inches  one  line  above  the  bottom  of  the  channel  to  which  it 
was  fitted. 

(D.)  A  crofs  placed  at  the  upper  orifice  of  the  machine 
dimintfhes  its  effedt  when  the  hatch  is  taken  away  :  on  the 
contrary  (hey  increafe  it,  if  the  hatch  be  fo  placed,  as  to  be 
five  inches  eight  lines  above  the  bottom  of  the  channel,  an 
elevation  greater  than  that  mentioned  in  the  preceding 
paragraph  (C.)  and  which  increafes  the  expenditure  of 
water. 

From  thefe  refults  it  may  be  inferred,  that  the  crofs  fliould 
not  be  ufed  in  feveral  cafes,  where  the  quantity  of  water  with 
which  the  machine  is  fupplied,  is  confined  within  certain 
limits. 


ANNOTATION.  W.  N. 

The  water  blow-  The  blowing  engine  deferibed  in  the  preceding  memoir 

fa fthr/'*x< plain  a^s  llPon  principle  of  the  lateral  adhefion  of  fluids,  upon 
cd.  which  Venturi  has  (o  ably  written,  in  a  treatife  given  entire 

in  our  Quarto  Series  of  this  Journal,  and  feparately  publifhed 
afterwards  by  Taylor  in  Holborn.  The  fhower  of  water  in 
its  defeent  through  the  vertical  pipe  carries  down  a  rnafs  of  air 
along  with  it,  in  the  fame  manner  as  a  fhower  of  rain  on  tiie 
flat  furface  of  the  fea  produces  that  temporary  blafl  of  wind, 
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WATER  BLOWING  MACHINE. 


which  Teamen  term  a  fqcall,  and  is  fufficiently  violent  to  carry 
away  the  mads  of  a  fliip,  if  the  fails  be  not  reduced  in  time. 

It  is  evident  that  this  engine  pofledes  the  defireable  qualities 
of  cheapnefs  and  fimplicity;  and  Lewis  who  has  written 
fomevvhat  fully  upon  it,  in  his  Philofophical  Commerce  ot 
Arts,  from  experiments  of  his  own,  alferts,  that  it  requires 
much  lefs  water  for  working  it  than  any  other  kind  ol  bellows 
in  ufe.  I  have  no  doubt  but  that  many  occafions  mud:  otfer 
in  which  it  would  be  beneficial ;  but  w'hether  its  expence  of 
water  be  comparatively  final],  and  its  power  in  any  cafe 
equal  to  the  fupply  of  our  fmelting  furnaces,  may  be  deferving 
of  more  enquiry. 

In  the  excellent  paper  of  Mr.  Roebuck  on  the  Devon  iron  Numerical 
works,  inferted  in  the  fifth  Volume  of  the  Edinburgh  Tranf-  M^Roebudc, 
actions,  and  alfo  in  the  Quarto  Series  of  this  Journal,  there  of  the  effect  of  a 
are  fome  numerical  fads  refpeaing  the  blaft  afforded  to  iron 
furnaces  by  iron  cylinder  bellows  worked  by  the  fleam  engine  ;  0f  air, 
and  as  they  agree  very  well  with  others  given  in  my  Chemical 
Di<5tionary,  under  the  article  Trompe ,  I  will  date  them  in 
this  place.  Mr.  Roebuck  affirms,  that  one  iron  furnace  was 
excited  by  a  blowing  cylinder,  which  gave  155  cubic  feet  of 
air  16  times  per  minute,  which  numbers  give  a  produ6t  of 
24-SO  cubic  feet.  This  is  5f  times  the  quantity  emitted  by  the 
blowing  engine  in  the  text.  I  he  deam  engine  was  edimated 
to  a6i  by  a  preffure  of  13062  lbs.  anlvvering  to  2^  lbs.  on  the 
{quare  inch  of  the  air  pidon,  and  this  multiplied  by  four  feet 
eight  inches,  the  length  of  droke,  and  by  16,  the  number  of 
firokes,  gives  975296,for  the  weight  multiplied  by  its  fall  in  feet. 

Now  the  machine  in  the  text  was  worked  by  173  cubic  compared  with 
feet,  or  10812  lbs.  of  water  falling  through  21  feet,  which  ing  ^1^°^ 
gives  a  product  of  227052,  or  more  than  one  fourth  of  the 
fir fl  mover  of  the  deam  engine  blad,  indead  of  one  fifth  and  a 
half.  The  blowing  engine  therefore  contained  more  water  by 
one  fourth  than  would  have  been  required  to  produce  its 
effect,  according  to  what  was  done  by  the  fteam  engine 
But  the  deam  engine  drove  out  its  air  under  a  reaction  of 


between  five  and  fix  inches  of  mercury  in  the  gage;  a  velocity 
which  being  more  than  Mr.  Roebuck  found  necedary,  was 
a  difadvantageous  wafte  of  power.  The  velocity  of  the  The  fleam 
watCi  blowing  engine  produced  by  its  prenure  of  two  inches,  p0Wer, 
is  mod  probably  too  finall ;  and  il  fo,  the  multiplication  of 
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VIBRATIONS  OF  A  BALANCE. 


No  explanation 
has  been  g  ven 
why  the  i  ng 
and  fticvt  vibra¬ 
tions  of  a  ba- 
Ianc_  are  differ¬ 
ent. 


A  balance  fuf- 
pended  by  a 
ftrait  wire  had 
its  1  >ng  and 
ftmrt  vibiations 
equal. 


thefe  engines  would  not  be  advifealde,  even  if  Lewis  had 
been  in  ihe  right  in  fuppofi  g  (hern  to  lave  water.  Thefo 
rough  computations,  or  rather  eft. mates,  are  (ufficiently  near 
for  daia  (o  loofe  as  thofe  upon  whic  h  we  have  operated  ;  and 
they  appear  to  (hew  that  the  principal,  and  perhaps  (he  only 
recommendation  of  the  water  engines  is,  that  many  of  them 
may  be  made  and  applied  at  a  f mall  charge,  in  fituations 
where  water  with  a  proper  iall  is  plentifully  to  be  had* 


XII. 

A  Method  of  renderin'*  the  Ions;  and  fhort  Vibrations  of  a 
Balance ,  governed  bij  a  Jpiral  Spring,  precijiiy  equal  in 
Duration.  By  Mr.  Charles  Iloung.  in  a  Letter  from 
the  Inventor. 

To  Mr.  NICHOLSON. 

SIR, 

1  HAVE  lately  tried  many  experiments  upon  fprings,  with 
a  view  to  obtain  fome  knowledge  of  the  caufes  which  govern 
an  efredl  that  is  very  troublefome  to  all  makers  of  chronome¬ 
ters  ;  namely,  that  the  vibrations  of  the  balance  through  fhort 
arcs,  confining  of  perhaps  ninety  degrees,  are  in  fome  in- 
ftruments  performed  in  longer,  and  in  others  in  fhorter  limes 
than  thofe  long  arcs,  fuch  as  of  four  hundred.  It  is  certain 
that  no  (ahsfa£tory  reafons  have  been  given,  either  in 
England  or  in  I*  ranee,  to  fhow  how  this  irregularity  is  pro¬ 
duced. 

I  made  a  piece  of  brafs  to  ferve  as  a  large  watch  balance, 
and  fufpended  it  by  a  bit  of  fpring  wire,  on  which  it  could 
vibrate  as  an  axis,  then  having  turned  it  four  or  five  times, 
I  left  it  to  regain  its  natural  pofition*.  It  performed  all  its 

*  This  method  of  fufpenfon  has  been  ufed  for  philof  phical 
purpofes,  by  Mr.  Mitchell,  (fee  Prieftley’s  Optics,)  by  Mr,  Caven- 
difti,  (lee  Philof.  Tranf.  and  alio  this  Journal  quarto  II.  446.) 
by  Mr.  Coulomb,  in  his  numerous  experiments  on  Ele&ricitv  and 
Magnet ii'm  ;  and  by  Mr.  Berthoud,  in  his  Time  Piece,  No.  24.  See 
his  Tieatife  de  la  Meafure  du  Temps,  p.  50.  It  does  not  t^ppear 
that  this  ipiing  has  yet  been  uftd  by  iticlf  in  time  pieces.  N. 

ofcillalion* 
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©feillalions  precifely  in  equal  times,  whatever  was  their 
extent,  whether  they  confided  of  thirty  degrees,  or  of  three 
thouland.  It  therefore  returned  to  the  place  at  which  it  was 
at  red  with  velocity  exadfly  proportioned  to  the  forces  employ* 
ed  to  remove  it.  From  this  experiment  I  concluded,  that  the 
balance  fpring  of  a  watch  is  not  in  a  dtualion  to  exert  this 
natural  quality,  but  that  the  diftorlion  into  which  it  is 
thrown,  is  luch  as  deltroy  this  valuable  property  of  ilochro- 
nifm. 

The  principal  circumdance  by  which  the  fpiral  balance  The  fpiral  fpring 

fpring  appears  to  me  to  be  cramped,  and  prevented  from  ^  by 

operating  by  its  natural  action  throughout,  is,  that  the  outer 

extremity  is  fixed  by  the  find,  (o  that  it  cannot  expand  and 

contract  in  its  coils  every  where  alike,  as  it  ought  to  do.  To  but  when  its 

remedy  this,  I  attached  the  dud  to  a  draight  fpring,  lying  in  made  free  by  a 

the  direction  of  the  tangent  of  the  fpiral,  continued  from  that  ftraight  fpring 

extremity.  This  fpring  by  its  eafy  action  allows  the  foiral  to  *5?  v‘bratlons  arc 
,  .  ,  •  r  •  •  ,  311  ifochronal. 

approach  the  centre,  and  retire  from  it  with  great  regularity  ; 

and,  what  is  mod  material,  it  can  with  certainty  be  reduced 

to  (uch  a  drength,  that  the  long  and  fhori  vibrations  of  the 

balance  will  prove  perfedtly  equal  when  this  adjudment  is 

made.  lor  upon  the  drength  of  this  fhort  fpring  depends 

the  freedom  with  which  the  axis  of  the  balance  is  enveloped 

by  that  fpring  which  regulates  its  motion.  The  fpring  dud 

affords  a  good  banking;  for  the  banking  pin  on  the  balance 

may  be  eafily  placed  fo  as  to  drike  upon  the  end  of  the  dud  in 

the  pafe  of  extreme  vibration, 

I  am.  Sir, 

Tour’s  mod  refpecifully, 

CHARLES  YOUNG, 

Wood  Street ,  Aug.  23,  1§05, 
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Letter  on  the 
compofition  of 
muriatic  acid. 


Water  decom- 

pofed  by  gal- 
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—that  muriatic 
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of  hidrogen. 


Some  account  of 
the  experiment. 


W  ater  deprived 
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—and  then  ap¬ 
peared  to  have 
diflolvcd  part  of 
the  gold  wire. 


SCIENTIFIC  NEWS. 

Compofition  of  Muriatic  Acid . 

In’  the  third  number  of  the  Edinburgh  Medical  and  Surgical 
Journal,  publiflied  July  1  lad,  is  the  tranflation  of  a  letter  for¬ 
warded  to  the  editors  of  that  work  by  the  celebrated  Fabbroni, 
It  bears  date  from  Pifa,  May  9,  1805,  and  is  written  by  Dr, 
Francifco  Pacchioni,  profeflor  of  natural  philofopy  in  the  uni- 
verdly  of  that  city,  to  Sig.  Lorenzo  Pignotti. 

After  fome  prefatory  obfervations,  the  writer  announces 
that  he  has  fucceeded  by  galvanifin  in  obtaining  fati>faclory 
evidence  of  the  nature  of  the  condituent  principles  of  muri¬ 
atic  acid.  He  .  xpredes  his  confidence  that  the  fimplicity  of 
his  apparatus  and  means  have  fecured  him  againd  illufion;  but 
for  want  of  time  he  forbears  to  relate  the  whole  (eries  of  his 
experiments.  His  refults  are, 

I.  Muriatic  acid  is  an  oxide  of  hidrogen.  2.  In  the  oxige- 
nated  muriatic  acid  and  therefore,  d  fortiori,  in  muriatic  acid 
there  is  a  much  lefs  proportion  of  oxigen  than  in  water.  3. 
Hidrogen  may  have  very  many  and  diderent  degrees  of  oxida¬ 
tion. 

The  author  informs  us  that  having,  by  accurate  experiments, 
afeertained  the  true  theory  of  galvanifra,  he  readily  difeovered 
a  very  Pimple  and  exa&  apparatus,  in  which  he  could  diflinclly 
perceive  the  changes  which  happen  to  water,  which,  from, 
the  continued  action  of  the  galvanic  pile,  is  condantly  lofing 
its  oxigen  at  the  furface  of  a  wire  ot  very  pure  gold  immerled 
in  it. 

With  this  apparatus,  which  I  conjecture  mud  have  been 
the  fame  as  that  of  Davy,  in  which  the  oxigen  and  hydrogen 
were  given  off  in  feparate  vedels  of  water,  he  obferved  that 
pure  oxigen  was  emitted  from  the  gold  wire,  that  the.  water 
became  acid,  and  when  by  proceeding  in  the  operation  until 
the  refidual  fluid  occupied  about  half  the  capacity  of  the  re¬ 
ceiver  (that  is,  I  prefume,  when  half  the  fluid  in  one  of  the 
vedels  had  difappeared)  the  remainder  was  found  to  be  of  an 
orange  colour,  more  deep  the  lefs  quantity  of  fluid.  It  re- 
fembled  a  folulion  of  gold.  From  the  lower  orifice  of  the 
veffel,  which  was  clofed  with  a  piece  of  taffetas  and  then  with 
double  bladder,  a  fmell  was  emitted  of  oxigenated  muriatic 
acid.  The  gold  wire  appeared  corroded.  The  bit  of  taffetas 

which 
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which  had  been  in  contafl  with  the  coloured  fluid  had  under¬ 
gone  an  action  which  rendered  iteafily  to  be  torn.  Round  the 
edges  of  the  vetfel  on  the  bidder  there  was  a  deep  purple  ring 
and  within  that  a  circular  fpace  rendered  colourlels  or  white. 

A  drop  of  the  fluid  itfelf  tinged  the  fkin  of  the  hand  after  fome 
hours,  of  a  beautiful  rofe  colour. 

The  fame  liquid,  poflefling  conftantly  the  fame  qualities,  Qualities  of  the 

was  obtained  in  various  repetitions  of  the  experiment.  It  wras  ^utd*  . 

'  1  .  It  contained  mu- 

fhewn  to  contain  a  volatile  acid  by  the  white  vapours  which  riatic  acid, 
were  formed  by  ammonia  placed  near  it.  It  threw  down  a 
curdy  precipitate  from  nitrate  of  fUver,  which  the  author  con¬ 
cludes  to  have  been  the  muriate  of  that  metal  ;  and  from  the 
whole  of  the  facts  he  deduces  the  refults  firft  enumerated  at 
the  beginnig  of  this  abftract,  refpe&ing  the  compofition  of 
muriatic  acid  from  water  by  depriving  it  of  part  of  its  oxigen* 

He  promifes  to  treat  of  the  other  oxides  of  hydrogen  in  a  me¬ 
moir  fhorlly  to  appear. 

The  origin  and  nature  of  the  muriatic  acid  being  thus,  as  Hence  the  origin 
the  author  obferves,  determined,  there  is  no  longer  any  my  fiery  ^a!t  D*  tbc 

1  £  (X  « 

in  its  formation,  nor  in  that  of  the  muriatic  falls  in  the  vafi  ex¬ 
tent  of  the  ocean. 

The  editors  of  the  refpectable  Journal,  from  which  I  have  Acid  and  *1kaR 
made  this  extradt  take  notice  of  the  early  difcovery  of  Cruick-  fLbfe.rv,e<!  . 
thank  (publifhed  by  him  in  our  quarto  feries  for  1801)  that  in-  1801  to  beform- 
fufion  of  litmus  was  reddened  by  one  end  of  the  pile  and  in-  ed  bY  galvanifro* 
fufion  of  Brazil  wood  rendered  purple  by  the  other,  which  he 
afcribed  to  fhe  formation  of  nitrous  acid  and  ammonia;  and 
they  alfo  quote  the  difcovery  of  muriatic  acid  being  formed  by  — and  common 
the  galvanic  action  by  Mr.  Peele  of  Cambridge,  which  was  by 
announced  in  Mr.  Tilloch’s  Philofophical  Magazine  a  few  days  * 
before  ProfefTor  Pacchioni’s  letter  was  publi filed  at  Pifa.  Mr.  Gr  murhte  of-  j 
Peele’s  letter  bears  date  April  23,  1805.  He  took  a  pint  of  foda. 
diddled  w-ater  and  decompofed  half  of  it  by  means  of  galvan- 
jfm;  the  other  half,  being  then  evaporated,  left  a  fmall  quan¬ 
tity  of  muriate  of  foda  or  common  fait.  Great  attention  had 
been  paid  to  the  purity  of  the  water;  and  upon  a  careful  re¬ 
petition  the  fame  refult  was  again  had.  In  a  poftfcript  he  men¬ 
tions  that  a  friend  of  his  had  tried  the  experiment  and  fuc- 
ceeded  in  the  fame  manner. 
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Twdfth  report 
of  the  Newcaftle 
Lit.  and  Phil. 
Society. 


PJaftiog  rocks  In 
IVT r.  flop's 
method. 


--  tried  v% ith 
fuccefs  in  North¬ 
umberland. 


Literary  and  Philnfophical  Society  of  Neivcajlle  upon  Tyne. 

THE  Literary  and  Philofopliical  Society  of  Newcadle- 
upon-  Tyne  have  publi filed  their  twelfth  year’s  report.  The 
fpirited  union  of  literature,  fcience  and  pradtical  refearch  con¬ 
tinues  to  form  the  charadter  of  their  proceedings.  Their  li¬ 
brary  encreafes  no  lefs  in  value  than  in  magnitude,  and  they 
have  liberally  refolved  tf  that  the  fublcribers  to  the  public  li- 
“  brary  at  North  Shields  (and  toother  fimilar  inditutions  which 
t{  fnall  afford  an  equal  accommodation  to  the  members  of  the 
<r  Newcaftle  Society)  fnall  be  admitted  to  the  rooms  without 
**  introduction  on  producing  to  t he  librarian  a  certificate  of 

their  being  members  of  fuch  inditutions.”  I  will  not  fup- 
pofe  that  any  of  my  readers  will  confider  this  information  as 
merely  local.  The  advantages  of  provincial  focieties  of  eft i- 
mable  and  well  informed  men  is  of  high  national  importance, 
and  it  cannot  but  be  of  general  intereft  that  fuch  enlightened 
proceedings  as  are  adopted  in  one  part  of  the  kingdom  flmuld 
be  known  and  imitated  in  every  other  quarter,  where  fimilar 
circumftances  mav  render  them  defi  rable. 

J 

I  have  much  pleafure  in  adding  the  teftimony  of  Northum¬ 
berland  in  favour  of  the  improvement  in  blading  rocks,  which 
Mr.  JefTop  communicated  lad  December,  through  the  chan¬ 
nel  of  our  Journal. 

At  *  the  meeting  in  April,  1804*,  Mr.  Fogget  of  Sheriff- 
LJ ill  reported,  that  the  new  mode  of  blading  with  fand,  de¬ 
scribed  in  the  Philof.  Journal  had  been  tried  by  him,  and  that, 
contrary  to  his  expectation,  it  had  anfwered  every  purpofe  of 
the  old  mode,  with  a  confiderable  faving  of  powder,  and  of 
more  than  one-third  of  the  labour,  and  with  an  entire  freedom 
from  rifk. 

At  the  meeting  in  May,  Mr.  Fogget  prefented  a  fection  of 
two  holes  drilled  and  prepared  for  blading  according  to  the 
new  method  :  One  perpendicular,  in  which  the  charge  of 
powder  being  introduced  and  the  communication-draw  placed, 
the  remainder  of  the  hole  is  filled  up  with  fine  dry  fand  :  the 
other  a  horizontal  or  afeending  hole;  in  which  the  powder  and 
kind,  being  made  up  into  a  cartridge,  is  in  the  adt  of  being 
thruft  up  to  the  far  theft  extremity  of  the  hole,  by  a  blunt- 
pointed  pricker  put  in  by  the  fide  of.  the  communication  draw. 


*  Report,  page  5. 
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At  the  meeting  in  June  an  account  was  communicated  by  danger 
Mr.  Thornhiilof  an  accident  having  happened  in  Gate  (head-  rammfng 
Park  colliery,  bv  which  one  man  loll  his  life  and  another  had  die  charge, 
been  feverely  wounded,  in  consequence  of  the  powder  hav¬ 
ing  taken  fire  in  the  common  mode  of  hemming,  or  ramming 
down  the  charge  with  fragments  of  hone.  A  cafe  was  alfo 
cited  by  Mr.  Horn  of  a  perfon  who  had  lately  been  brought 
from  Alfton  Moor  with  his  ikull  fradlured  by  a  fimiiar  ex- 
plofion.  -  . 

j  * 

New  Procefs  for  Steeping  Hemp, 

THE  new  procefs  of  M.  Bralle  for  beeping  hemp,  which 
has  the  advantage  of  Paving  time,  capital,  and  the  health  of  r 
numerous  individuals,  and  of  which  an  account  was  given  at 
page  8G  of  our  lah  volume,  has  been  repeated  in  one  of 
the  provinces  of  France,  to  the  entire  falisfadtion  of  the  inha¬ 
bitants,  who  might  be  fuppofed  the  leah  inclined  to  deviate 
from  their  accuhomcd  habits.  The  Staple  was  found  to  be 
excellent,  and  of  a  fuperior  firength  and  quality  when  fpun 
into  thread,  and  alio  after  it  had  paffed  the  loom  in  the  form 
of  cloth. 

Medical  Theatre ,  St.  Bartholomew's  Hofpital, 

THE  following  courfes  of  Lcdures  will  be  delivered  at 
this  theatre  during  the  enfuing  winter. 

On  the  theory  and  practice  of  medicine,  by  Dr.  Roberts 
and  Dr.  Powell. 

On  anatomy  and  phyfiology,  by  Mr.  Abernethy. 

On  the  theory  and  practice  of  lurgery,  by  Mr.  Abernethy. 

On  comparative  anatomy  and  phytiology,  by  Mr.  Macartney, 

On  chemiftry,  by  Dr.  Edwards. 

On  the  materia  medica,  by  Dr.  Powell. 

Anatomical  demonftrations  and  practical  anatomy,  by  Mr, 

Lawrence.  -  , 

The  anatomical  lectures  will  begin  on  Tuefday,  October  1  ft, 
at  two  o’clock,  and  the  other  lectures  on  the  luceeeding  days 
of  the  fame  week. 

Further  particulars  may  be  learned  by  applying  to  Mr. 
Nicholson,  at  the  apothecary’s  fhop,  St.  Bartholomew’s 
hofpital. 
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Medical  InJUtution. 

AN  inftitution  has  been  lately  eftabliffied  in  London  for  the 
purpofe  of  promoting  a  liberal  and  ufeful  intercourfe  among 
the  different  branches  of  the  medical  profeffion,  and  of  af¬ 
fording  a  centre  for  the  reception  of  communications,  and  for 
the  formation  of  a  feled  and  extenfive  profeflional  library. 
It  is  called  the  Medical  and  Chirurgical  Society  of  London, 
and  it  comprizes  a  conliderable  number  of  profeflional  men  of 
the  firfl  character.  The  meetings  (which  will  commence  in 
October)  will  be  held  at  the  Society’s  apartments,  Verulam- 
buildings,  GrayVInn,  where  any  communications,  or  dona¬ 
tions  of  books  are  requeued  to  be  fent,  direded  to  the  fecre- 
taries.  * 

The  following  is  a  lift  of  the  officers  and  council  for  the  pre- 
fent  year. 

PRESIDENT,  Wm.  Saunders,  M.D.F.R.S. 

John  Abernethy ,  Efq.  F.R.S.  Vice- Pres. 

Charles  Rochemont  Aikin,  Efq.  Sec. 

Win.  Babington,  M.D.  F.R.S.  I  ice-Pres, 

Matthew  Baillie,  M.D.  F.R.S. 

Thos .  Bateman,  M.D.  F.L.S. 

Gilbert  Blane,  M.D.  F.R.S. 

Sir  Wm.  Blizard,  F.R  S.  Vice- Pres. 

John  Cooke,  M.D.  F.A.S.  Vice- Pres • 

AJlley  Cooper,  Efq.  F.R.S.  Treas. 

James  Curry,  M.D.  F.A.S. 

Sir  Walter  Farquhar ,  Bart.  M.D. 

ThompJ'on  Forfter ,  Efq.  / 

Algernon  Franipton,  M.D. 

John  Heavifide ,  Efq.  F.R.S. 

Alex.  Marcet,  M.D.  For.  Sec. 

David  Pitcairne ,  M.D.  F.R.S* 

Hen.  Revell  Reynolds ,  M.D.  F.R.S. 

Ji .  Leigh  Thomas,  Efq. 

James  Wilfon,  Efq.  F.R.S. 

John  Ye  Holy,  M.D.  Sec. 
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Properties  of  blued  Steel  not  generally  known. 

IN  making  fprings  of  fteel  the  metal  is  drawn  or  hammered 

out  and  fafhioned  to  the  defired  figure.  It  is  then  hardened  by 

ignition  to  a  low  red  heat  and  plunging  it  in  water,  which 

renders  it  quite  brittle.  And  laftly,  it  is  tempered  either  by  Hardening, 

.  ,  ...  ,  rn  blazing  and 

blazing  or  blueing.  The  operation  of  blazing  conmts  in  biding, 
fraearing  the  article  with  oil  or  fat,  and  then  heating  it  till 
thick  vapours  are  emitted  and  burn  off  with  a  blaze.  I  fup- 
pofe  this  temperature  to  be  nearly  the  fame  as  that  of  boiling 
mercury,  which  is  generally  reckoned  to  be  at  the  600°  of 
Fahrenheit,  though,  for  reafons  I  fhall  in  future  mention,  I 
think  this  point  requires  to  be  examined.  The  operation  of 
blueing  confifts  in  firft  brightening  the  furface  of  the  fteel,  and 
then  expofing  it  to  the  regulated  heat  of  a  plate  of  metal  or  a 
charcoal  fire,  or  the  flame  of  a  lamp  until  the  furface  acquires 
a  blue  colour  by  oxidation.  The  remarkable  fafts  which  I A  blue  fprarg 
have  here  toprefent  to  the  notice  of  philofophers  are  that  Mr.  brightening  and 
Stodart  allures  me  that  he  has  found  the  fpring  or  elafticity  ofreftored  by  bli¬ 
the  fteel  to  be  greatly  impaired  by  taking  off  the  blue  withIns  agam* 
fand  paper  or  otherwise;  and,  what  is  ftill  more  ftriking,  that 
it  may  be  reftored  again  by  the  blueing  procefs  without  any 
previous  hardening  or  other  additional  treatment. 

Mr.  Hardy,  who  is  raeritorioufly  known  as  a  fkilful  artift/*  $aw  ma^ers 

„  y  .  ,  ,  r  <  ,  r  n  ii  ,  .  harden  thear 

aflured  me  fome  time  ago  that  the  faw'-makers  nrft  harden  their  ^eei .  tbejl 

plates  in  the  ufual  manner,  in  which  ftate  they  are  more  or  lefsfoften  it  by 

contorted  or  warped,  and  are  brittle;— that  they  then  blaze  ^"rS’t  ^Ic 

them;  which  procefs  deprives  them  of  all  fpringinefs,  fo  by  blueing. 

that  they  may  be  bended  and  hammered  quite  flat,  which  is  a 

delicate  part  of  the  art  of  faw  making; — and  that  they  blue  them 

on  an  hot  iron  which  renders  them  ftiff  and  fpringy  without 

altering  the  flatnefs  of  their  furface.  Mr.  H.  finds  that  foft  Soft  fteel  blued. 

unhardened  fteel  may  be  rendered  more elaftic  by  blueing,  and 

that  hard  fteel  is  more  expanfible  by  heat  than  foft.  heat. 

It  is  very  difficult  to  reafon  or  even  to  conjefture  upon  thefe 
faffs.  They  certainly  deferve  to  be  verified  by  a  direff  procefs 
of  examination,  which  I  intend  to  make,  and  (hall  ftate  the 
refulls  in  our  next  number.  N. 


See  his  banking  for  time  pieces  in  our  XI,  Vol.  page  1 14. 
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Prefervation  of  Succulent  Plants. 

Whether  the  tact  be  generally  in  poflTeflion  of  the  colle&ori 
of  plants  I  know  not,  but  it  will  certainly  be  inftruative  to 
many  readers  to  be  informed  that  green  lucculent  plants  are 
much  better  preferved  after  a  momentary  immerfion  in  boiling 
water  than  otherwife.  This  treatment,  which  I  am  told  is 

i 

adopted  for  the  economical  prefervation  of  cabbage  and  other 
plants  which  are  dried  for  keeping,  deflroys  the  vegetable  life 
at  once,  and  fecms  to  prevent  an  after  proeefs  of  decay  or 
mortification,  by  which  the  plant  would  have  been  more  con- 
fiderably  changed,  if  it  had  not  been  to  fuddenly  killed. 


CorreStions  to  the  1  Uh  Volume . 

P.  159,  1.  2,  area  r.  era . — 1.  21 ,  Agy  r.  Aqy. —  1 .36,  q  x  p  —  2/j 
r.  q-\-p—2n. — 1.  12,  for  r.  of. — 1.  2S,  put  a  comma  before 
that. — p.  23 o,  1.  20  from  the  bottom,  after  the  words  preferved 
as  add  as  perfect  as  pojjible ,  but  the  p refs'  recommended  by  Dr. 
Withering  does  not  appear  calculated ,  fyc. — 

Dr.  Bollock’s  etfay  upon  animal  fluids  which  was  communi¬ 
cated  by  the  author  and  inferted  in  our  lafi  number,  appeared 
alfo  in  the  third  number  of  the  Edinburgh  Medical  and  Surgical 
Journal.  This  by  a  cafual  omiflion  of  the  friend  who  for¬ 
warded  me  manufcript  was  not  intimated  to  me  until  feve- 
ral  days  after  the  paper  came  to  hand. 
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ARTICLE  I. 

Experimental  Intejligations  concerning  Heat .  By  Benjamin 
Count  of  Rum  ford,  V.  P.  R.  S.  Foreign  Ajfociate  of  the 
National  Injlitute  of  France ,  fyc,  tyc.  Received  from  the 
Author • 

To  Mr.  NICHOLSON. 

Dear  Sir,  Munich ,  Augnfi  29,  1805. 

HaVING  learned  by  a  letter  which  I  received  this  day  from 
England,  that  you  have  publithed  in  your  Journal  of  Natural 
Philofophy  the  memoir  I  fent  you  on  the  temperature  at  which 
the  denfity  of  water  is  a  maximum,  I  take  the  liberty  to  fend 
you  herewith  inclofed  three  memoirs  on  heat,  which  are  def- 
lined  to  appear  in  the  next  volume  of  the  publications  of  the 
tirft  clafs  of  the  National  Inditute. — Three  other  memoirs  of 
mine  will  appear  in  that  volume,  but  as  they  contain  little  that 
would  be  new  to  you,  I  do  not  fend  them  to  you. 

I  continue  my  refearches  on  heat,  and  have  lately  made  fe- 
veral  new  and  very  interefting  experiments,  the  refults  of 
which  it  is  my  intention  to  communicate  to  you,  as  foon  as  I 
fhall  have  compleated  the  particular  courfe  of  experiments  in 
which  I  am  now  engaged. 

I  am.  Dear  Sir,  with  much  efteem. 

Your  mod:  obedient  fervant, 

RUMFORD. 

.  Vol.  XII, — October,  1805.  F  Sect. 
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Qu.  Whether 
the  heating  and 
cooling  of  poliih- 
cd  and  of  black¬ 
ened  bodies  fol¬ 
low  the  fame  law 
in  fmall  clofed 
fpacesas  in  fpaces 
more  enlarged  ? 


A  cvlindrical 
■veflel  of  thin 
brafs  was  fup- 
ported  in  the 
middle  of  a  larger 
veflel,  fo  as  to 
leave  a  thin  in¬ 
terval  of  air  be¬ 
tween  them. 


The  larger  veflel 
was  lupported 
oh  a  foot. 


Sect.  I.  Short  Account  of  a  nc-x  Experiment  on  Ilcat. 

I  have  lately  made  a  new  experiment,  the  refult  of  which 
appears  to  me  iufficiently  inlerefiing  lo  deierve  the  attention 
of  the  clafs. 

Having  found  by  experiments  often  repealed  that  metallic 
bodies  expofed  in  the  free  air  of  a  iarge  apartment  are  much 
mere  speedily  healed  and  cooled  when  their  furfaces  have  been 
blackened  (over  the  flame  of  a  candle  for  example)  than  when 
they  are  clean  and  poliflied;  I  was  curious  to  know  whether 
the  fame  phenomena  would  take  place  when,  inflead  of  ex- 
poling  thefe  bodies  in  the  open  air,  they  fhould  be  placed  in 
dole  metallic  vetfels  l'urrounded  by  a  certain  thicknefs  of  in¬ 
cluded  air,  and  thefe  veffels  fhould  be  then  plunged  in  a  large 
mats  of  hot  or  cold  water.  In  order  to  clear  up  this  impor¬ 
tant  point,  I  made  the  following  experiment: 

A  cylindrical  vetlel  of  brafs,  three  inches  in  diameter  and 
four  inches  long  was  enclofed  in  another  larger  cylindrical  vef- 
fel,  in  the  centre  of  which  it  was  fufpended  by  its  neck,  fo  as 
to  touch  it  in  no  other  part,  leaving  on  all  Tides  an  interval  of 
one  inch  between  the  veffels. 

The  external  veflel  as  well  as  the  fmaller  one  included  with¬ 
in  it  is  made  ol  thin  flieets  of  brats;  its  diameter  is  five  inches 
and  its  height  fix.  It  is  one  inch  and  a  half  in  diameter  and 
fix  inches  high.  Its  neck  is  one  inch  and  a  quarter  in  diame¬ 
ter  and  two  inches  and  a  half  long. 

The  interior  veflel  is  fufpended  in  the  centre  of  the  external 
one  by  a  ftopper  of  cork.  Thisflopper  is  adjufled  to  the  neck 
of  the  external  veflel,  and  there  is  a  cylindrical  hole  of  three 
quarters  of  an  inch  diameter  through  the  cork,  and  having  the 
lame  axis,  which  perforation  receives  the  neck  of  the  interior 
veflel  and  retains  it  in  its  place. 

The  interior  veflel  was  introduced  and  fixed  in  its  place  be¬ 
fore  the  bottom  of  the  exterior  veflel  was  foldered  in. 

At  the  centre  of  the  bottom  of  the  great  veflel  is  a  fmall  me¬ 
tallic  tube  of  three  quarters  of  an  inch  diameter  and  one  inch 
and  a  half  long,  by  means  of  which  this  inftrument  is  attached 
to  a  folid  heavy  foot  of  metal  which  fupports  it  in  a  vertical 
pofition  when  the  whole  inftrument  is  fubmerged  in  a  veflel 
of  water. 

This  inflrument,  which  greatly  refembles  that  deferibed  in 
my  7th  etfiiy  on  the  propagation  of  heat  in  fluids,  which  I  have 

**  4  called 


ON  MEAT. 


67 


called  the  Paffage  Thermometer*,  may  be  ufed  to  make  a 
number  of  interefting  experiments  on  the  cooling  of  bodies 
through  different  fluids.  In  the  pretent  experiment  I  em¬ 
ployed  it  in  the  following  manner: 

The  interior  velfel  was  entirely  filled  with  hot  water  to  the  J'jie 

J  lei  was  filled 

height  of  half  an  inch  in  its  neck,  and  a  good  thermometer,  wirh  hot  water, 

having  its  cylindric  bulb  four  inches  long,  was  inferted  therein.  and  a  thermo- 
J  ,  ,  ,  .  c  ,  ,  .  meter  placed  m 

The  inllrument  was  then  plunged  in  a  mixture  of  pounded  icejts  neck> 

and  water,  and  the  time  was  noted  by  means  of  the  thermo-  The  whole  in¬ 
meter,  during  which  the  hot  water  in  the  fmall  veflel  became  th™™p]u in 

Cold,  ice  and  water. 

I  was  careful  to  plunge  the  inllrument  in  this  frigorific 
mixture,  fo  that  the  large  veflel  was  completely  fubmerged 
except  the  upper  extremity  of  its  neck  ;  and  I  added  from 
time  to  time  a  fufficient  quantity  of  pounded  ice,  to  keep  the 
frigorific  mixture  conftantly  and  throughout  at  the  temperature 
of  melting  ice. 

The  following  were  the  refults  afforded  by  two  fimilar  in¬ 
ftruments  employed  at  the  fame  time  : 

Thefe  two  inftruments,  which  I  fhall  diflinguifh  re(pe<5tively  R'-fu Its  with 

two  inftruments 

by  the  letters  A  and  B,  are  ot  the  lame  form  and  dimentions  ;  one  0f  which, 
there  is  no  difference  between  them  but  in  the  (fate  ©f  their  B,  had  the  inte- 
furfaces.  In  the  inllrument  A,  the  exterior  furface  ot  the  the  ,arger  veffel 
fmall  veflel  and  the  interior  furface  of  the  great  velfel  which  and  the  exterior 
mclofes  it,  are  bright  and  polifhed  ;  but  in  the  inllrument  B,  bLcked^and" 
the  exterior  furface  of  the  fmall  velfel  and  the  interior  furface  the  other  inftru- 
of  the  large  veflel  are  black,  having  been  blackened  over  the  ™^k^ur^es 
flame  of  a  candle  before  the  bottom  of  the  great  veflel  was  polifhed. 
loldered  in  its  place. 

Having  filled  the  interior  veflel  of  each  of  thefe  inftruments  The  interior 

^  vcfltils  contained 

with  boiling  water  till  the  water  rofe  to  the  height  of  half  an  boiling  water. 

inch  in  the  neck,  ' I  placed  a  thermometer  in  each,  and  then 

plunging  both  inftruments  at  the  fame  time  into  a  tub  filled 

with  cold  water  mixed  with  pounded  ice,  I  oblerved  the 

courfe  of  their  refrigeration  during  feveral  hours. 

Each  of  the  inftruments  was  completely  (ubmerged  in  the  The  refrige,  at- 

frigorilic  mixture,  excepting  about  one  inch  of  the  fuperior  arid" 

extremity  of  the  neck  of  the  exterior  veflel,  and  I  was  careful  water. 

;,k  See  our  Journal,  Vol.  IX. 
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Caution  to  in- 
fure  equality  of 
temperature. 


Method  of  ob- 
fervation. 


Table  of  the 
courfe  of  cool¬ 
ing. 


to  add  new  quantities  of  pounded  ice  from  lime  to  time,  in 
order  to  keep  the  frigorific  mixture  conftantly  at  the  precite 
temperature  of  melting  ice. 

A s  the  tpecific  gravity  of  water  at  the  temperature  of  three 
or  tour  degrees  ot  the  thermometer  of  Reaumur,  is  greater 
than  that  ot  melting  ice,  the  water  which  lies  at  the  bottom 
ot  a  veffel  containing  a  mixture  of  water  and  pounded  ice, 
is  utually  warmer  than  the  fluid  which  occupies  the  uppef 
part  ot  the  veffel.  To  remedy  this  inconvenience  my  refri¬ 
geratory  for  the  frigorific  mixture  was  a  tin  veffel  fupported 
on  three  feet  of  one  inch  in  length,  and  I  placed  this  firft 
veffel  in  a  larger  of  wood,  containing  a  certain  quantity  of 
ice  Surrounding  the  bottom  and  part  of  the  Tides  of  the  metallic 
vetl’el. 

As  in  the  firft  moments  of  the  experiment  the  thermometers 
detcended  too  quickly  to  be  obferved  with  precifion,  I  waited 
till  each  of  them  had  arrived  at  the  55th  degree  of  Reaumur ; 
after  which  I  carefully  obferved  the  number  of  minutes  and  fe- 
conds  employed  in  palling  through  each  interval  of  five  de¬ 
grees  of  the  lower  part  of  the  fcale  of  the  thermometer  to  the 
fifth  degree  above  zero. 

The  following  table  exhibits  the  depreflion  of  the  thermo¬ 
meters  during  eight  hours  employed  in  the  experiment. 


Degrees  of  the  Ther¬ 
mometer* 

From  55  to  50 
50  45 

45  40 

40  35 

35  30 

30  25 

25  20 

20  15 

15  10 

10  5 

Time  employed  in  cooling 
from  55°  to  5°, 


Time  employed  in  cooling , 


By  the  Inftru- 
ment  A. 

By  the  lnftru 
ment  B. 

1  im 

6s 

m 

7m 

50* 

13 

15 

m 

,8 

10 

15 

12 

- 

9 

5 

19 

10 

m 

10 

50 

22 

24 

- 

12 

18 

27 

50 

- 

15 

10 

37 

6 

- 

21 

15 

54 

15 

- 

28 

15 

80 

25 

- 

41 

25 

183 

45 

- 

85 

15 

478 

4 

m 

254 

5 
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It  is  evident  from  the  refuits  of  this  experiment,  that  the 
blackened  body  is  condantly  cooled  in  lets  time  than  the  po- 
Jillied  body;  but  it  appears  by  the  courfe  of  the  thermometers, 
that  the  difference  between  the  quieknefs  of  cooling  of  thefe 
two  bodies  varies,  and  that  this  difference  was  lets  coniider- 
able  in  proportion  as  the  temperature  of  the  bodies  w'as  more 
elevated  in  coinparifon  to  that  of  the  medium  in  which  they 
were  expofed  to  cool. 

In  cooling  from  the  55th  degree  to  the  50th  above  the  tem¬ 
perature  of  the  furrounding  medium,  the  polifhed  body  em¬ 
ployed  1  lul  6*,  and  the  blackened  body  employed  7in  50s  to 
pals  through  the  fame  interval.  But  from  the  10th  to  the  15th 
degree  above  the  temperature  of  the  medium,  the  polifhed 
body  employed  183m  45%  while  the  blackened  body  employed 
only  85m  15s;  but  it  is  extremely  probable  that  this  difference 
between  the  proportion  of  the  times  employed  in  cooling  the 
two  bodies  at  different  temperatures,  is  only  apparent,  and 
that  it  depends  on  the  greater  or  lefs  time  required  for  the 
thermometers  in  the  veffels  to  arrive  at  the  mean  temperatures 
of  the  maffes  of  water  which  (urround  them. 

In  order  to  compare  the  refuits  of  this  experiment  with  thofe 
I  made  lad  year  with  metallic  veffels  pol i died  and  blackened, 
and  left  to  cool  in  the  undidurbed  air  of  a  large  chamber,  it 
is  neceffary  to  afcertain  how  much  time  the  two  bodies  in 
quedion  employed  in  cooling,  from  the  50th  to  the  40th  de¬ 
gree  of  Fahrenheit  above  the  temperature  of  the  medium. 
Now  I  found  by  obfervation,  that  the  polifhed  veffel  A  em¬ 
ployed  39m  30s  to  pafs  over  that  interval  of  cooling,  while  the 
blackened  vedel  B  employed  only  22m.  Thefe  times  are  in 
the  proportion  of  10000  to  5810.  By  one  of  my  experiments 
made  lad  year,  I  found  that  the  times  employed  in  paffing 
through  the  lame  interval  of  cooling  in  the  open  air  by  a  clean 
polifhed  metallic  veffel,  and  another  of  the  fame  form  and 
capacity,  but  blackened  without,  were  as  10000  to  5654. 

Reflecting  on  the  confequences  which  ought  to  refult  from 
the  radiations  of  bodies,  on  the  fuppodtion  that  the*  tempera¬ 
tures  of  bodies  are  always  changing  by  means  of  thefe  radia¬ 
tions,  I  was  led  to  the  following  conclufion  ;  If  the  intendty 
of  the  action  of  the  rays  which  proceed  from  a  body,  be  uni- 
verfally  as  the  fquares  of  the  didances  of  bodies  inverfely, 

3  which 
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The  blackened 
body  always 
cooled  more  ; 
quickly  than  the 
other. 


The  clifferenc€ 
was  greatelt  at 
the  lowed:  tem¬ 
peratures  ;  pro¬ 
bably  becaufe  the 
thermometers 
then  fhewed  the 
mean  tempera¬ 
ture  more  cor¬ 
rectly. 


From  thefe  ex¬ 
periments  it  ap¬ 
pears  that  the 
rate  of  cooling 
in  the  polifhed 
body,  compared 
with  the  other, 
is  nearly  the 
fame  as  was  for¬ 
merly  deter¬ 
mined  with  bo¬ 
dies  in  a  large 
chamber. 


If  the  intenfities 
of  radiated  heat 
be  inverfely  as 
the  fquares  of 
the  diitances, 
bodies  will  cool 
in  the  fame  time 
in  an  enclofure 
of  the  fame  tern- 
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peraturr,  whe¬ 
ther  large  or 
/mail. 


Thefe  fa£\  s  con¬ 
firm  that  truth  ; 


and  that  the  air 
has  little  effedt. 


Former  experi¬ 
ments  proved 
that  it  receives 
only  i- 27th 
part. 


The  reft  paiTes 
by  radiation. 


which  is  extremely  probable,  a  hot  body  expofed  to  cool  in  a 
clofe  place,  or  (urrounded  on  all  tides  by  walls,  ought  to  cool 
with  the  fame  celerity,  or  in  the  fame  time,  whatever  may  lx? 
tiie  magnitude  ot  this  enclofure,  provided  the  temperature  of 
the  iides  or  walls  be  at  a  conftant  given  temperature ;  and  the 
refults  ot  the  experiment  here  deferibed,  in  which  the  hot 
body  was  encloted  in  a  veffel  of  a  few  inches  diameter,  com¬ 
pared  with  thofe  of  feveral  experiments  made  laid  year,  in 
which  the  heated  bodies  expofed  to  cool  between  the  walls 
of  a  large  chamber,  appear  to  confirm  this  conclufion. 

As  to  (he  effedt:  produced  by  the  air  in  cooling  a  heated 
body  expofed  to  cool  in  a  clofe  place  filled  with  that  fluid,  I 
have  reafon  to  believe  that  it  is  much  lefs  confiderable  than 
has  been  fuppofed. 

I  have  fliewn  by  diredt  and  conclutive  experiments,  that 
bodies  cool  and  are  heated,  and  that  with  confiderable  cele- 
rity,  when  placed  in  a  (pace  void  of  air*;  and,  by  experi¬ 
ments  made  laft  year  with  the  intention  of  clearing  up  this 
point,  I  found  reafons  to  conclude,  that  when  a  hot  bodv 
cools  in  tranquil  air  not  agitated  by  winds,  one  twenly-feventh 
only  of  the  heat  loft  by  this  body  (or  to  (peak  more  coredtly, 
which  it  excites  in  furrounding  bodies)  is  communicated  to 
the  air,  all  the  reft  being  carried  to  a  diftance  through  the 
air,  and  communicated  by  radiation  to  the  furrounding  lblid 
bodies. 


Sect.  II.  Experiments  on  cooling  Bodies . 


Cond  cling 
power  cf  bodies 
with  regard  to 
heat. 


T 


It  is  only  by  careful  obfervation  of  the  phenomena  which 
accompany  the  heating  and  cooling  of  bodies,  that  we  can 
hope  to  acquire  exadt  notions  of  the  nature  of  heat  and  its 
manner  of  acting. 

Many  experiments  have  been  made  by  different  perfons  at 
different  times,  with  a  view  to  determine  what  has  been 
called  the  conducting  quality  of  different  fubftances  with  re¬ 
gard  to  heat:  I  have  rnyfelf  made  a  confiderable  number; 
and  it  is  from  theb  refults,  often  no  lefs  unexpected  than  in- 
terefting,  that  I  have  been  gradually  led  to  adopt  the  opinions 
on  the  nature  oi  heat  which  I  have  prefumed  to  i’ubmit  (o  the 
judgment  of  this  illultrious  affembly.  The  flattering  attention 


*  See  my  Memoir  on  Heat  in  the  Philofophical 
ITBf,  and  in  my  eighth  Eff.iy. 
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with  which  the  Clal's  has  honoured  the  three  Memoirs  I  have 
lately  prefented,  encourages  me  to  communicate  the  conti¬ 
nuation  of  my  relearches. 

All  philoiophers  are  agreed  in  confidering  glafs  as  one  ol Glafs  Is  allowed 
the  worfi  conductors  of  heat  which  exills;  and  when  it  isworit  conduc- C 
propofed  to  confine  the  heat  in  a  body  of  which  the  tern- tors, 
perature  has  been  railed,  or  to  hinder  its  ditlipation  as  much 
as  pofiible,  care  is  taken  to  (urround  the  heated  body  with 
fubfiances  known  to  be  bad  conductors  ot  heal. 

The  re  fulls  ot  many  ot  my  experiments  having  led  me  to  fuf-  Bodies  are  not# 
ped  that  the  cooling  of  bodies  is  not  effected  in  the  manner 
which  is  generally  (uppoled,  I  made  the  following  experi-off. 
ment  with  the  intention  of  clearing  up  this  interefiing  part  ot 
the  fcience. 

I  procured  two  bottles  nearlv  cylindrical,  of  the  fame  form  Experiment  •, 

*  J  r  ,  .  A  thick  gJafs 

and  the  lame  dimenfions  when  measured  externally;  one  be-  bottle  and  a  thin 

ing  of  glafs  and  very  thick,  and  the  other  of  tin  or  tinned  iron, one  ot'  tin, 

which  was  very  thin.  Each  of  them  is  three  inches  ten  lines 

in  diameter  very  nearly,  and  five  inches  in  height,  and  each 

has  a  neck  one  inch  three  lines  in  diameter,  and  one  inch  two 

lines  in  height.  The  glafs  bottle  weighs  13  ounces  1  gros 

and  18  grains  poids  de  marc,  and  the  other  thin  metallic  vef- 

jfel  weighs  only  5  ounces  1  gros  and  65  grains. 

Having  very  exactly  weighed  the  bottle  of  tinned  iron,  I  were  prepared, 
found  its  exterior  furface  to  be  54,462  inches,  which  give  weighed, 

0,21 1 12  of  a  line  for  the  thicknefs  of  its  Tides,  taking  the  lpe- 
cific  gravity  of  the  metal  at  7,8404. 

The  mean  thicknefs  of  the  tides  of  the  glafs  bottle  is  more  and  meafured, 
than  fix  times  as  great,  as  may  be  eahly  deduced  from  a  calcu¬ 
lation  founded  on  the  weight  of  the  bottle,  the  quantity  of  its 
lurface,  and  the  fpecific  gravity  of  glafs. 

Having  filled  thefe  two  bottles  with  boiling  water,  I  hung  Tkev  were  filled 
them  up  by  (lender  firings  in  the  midft  of  the  tranquil  air  of  a  an<tleft\ocool 
large  chamber,  at  the  height  of  five  feet  from  the  floor,  and  in  the  air. 
at  the  difiance  of  four  feet  afunder. 

The  temperature  of  the  air  of  the  chamber,  which  did  not 
vary  a  quarter  of  a  degree  during  the  whole  time  of  the  expe¬ 
riment,  was  9^  degrees  of  Reaumur’s  feale. 

An  excellent  mercurial  thermometer,  with  a  cylindrical 
bulb,  of  four  inches  long  and  tw  o  lines  and  a  halt  in  diameter, 

(uljpendcd  in  the  axis  of  each  of  thefe  bottles,  indicated  the 

temperature 
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temperature  of  the  contained  water;  and  the  time  employed 
in  its  cooling  tor  every  five  degrees  of  Fahrenheit's  thermo¬ 
meter,  was  carefully  obferved  during  eight  hours. 

1  lie  glafs  being  confidered  as  a  very  bad  condu6lor  of  heat, 
ana  i he  tides  of  the  bottle  being  fo  thick,  who  would  not  have 
expected  that  the  water  in  this  bottle  would  have  been  more 
flow  ly  cooled  than  that  in  the  very  thin  bottle  of  tin. 

The  glafs  bottle  The  contrary  however  was  the  event;  the  bottle  of  glafs 
quick  as  that  of  u  as  coo*ed  almotl  twice  as  quickly  as  that  of  tin. 

W  hile  the  water  included  in  the  bottle  of  tinned  iron  em¬ 
ployed  56  minutes  to  pafs  through  a  certain  interval  of  cooling, 
namely  through  ten  degrees,  between  the  50th  and  40th  de¬ 
gree  of  the  thermometer  of  Fahrenheit  above  the  temperature 
ot  the  air  of  the  chamber,  the  water  in  the  glafs  bottle  em¬ 
ployed  only  30  minntes  for  the  fame  change. 

It  appears  to  me,  that  the  refult  ot  this  experiment  throws 

great  light  on  the  myfterious  operation  of  the  communication 
of  heat. 

It  we  admit  the  hypothefis  that  hot  bodies  are  cooled,  not 
by  lofing  or  acquiring  tome  material  fubfiance,  but  by  the 
action  ot  colder  turrounding  bodies,  communicated  by  undu¬ 
lations  or  radiations  excited  in  an  etherial  fluid,  the  refults  of 
this  experiment  may  be  eafily  explained  ;  but  if  this  hypo, 
thefis  be  not  adopted,  I  cannot  explain  them. 

cooled  by* th^  It.miSht  PerhaPs  be  fufpefted  that  the  air  attached  by  a 
furrounding  air.  certain  attraction,  but  with  unequal  forces,  to  the  furtaces  of 
the  two  bottles,  might  have  been  the  caufe  of  this  remarkable 
difference  in  the  time  of  their  cooling  ;  but  thpfe  who  will  take 
the  trouble  to  lefleft  attentively  on  the  retults  of  the  experi- 
mcnis  I  have  defenbed  in  a  preceding  memoir,  which  were 
made  with  a  view'  to  clear  up  this  point,  with  a  metallic  vetfel 
firlt  naked,  and  afterwards  with  one,  twro,  four  and  five  coat¬ 
ings  of  varnifh,  will  be  perfuaded  that  this  caufe  is  not  fuffi- 
cient  to  explain  the  facts. 

th  have'lhV"^  By  a  C0Urfe  °f  exPeriments  made  at  Munich  la  ft  year,  of 
fame difpofition  wblch  the  details  are  given  in  a  Memoir  fent  to  the  Royal 
tacooi.  Society  of  London*,  I  have  found  that  a  given  quantity  of 

Lot  water  included  in  a  metallic  veffel  of  a  given  form  and 
capacity,  always  cools  with  the  fame  quicknefs  in  the  air, 

*  See  our  Journal,  Vol.  IX.  p,  194. 
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Heat  is  not 
likely  to  be  a 
material  fub- 
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whatever  may  be  the  metal  employed  to  confirm^  the  veffel ; 
provided  always  that  the  external  furface  of  the  veffel  be  very 
clean,  and  the  temperature  of  the  air  the  fame. 

In  order  that  the  cooling  {hall  be  effected  in  the  fame  time.  The  furface  only 
nothing  more  is  required  than  that  the  external  furface  of  the  iiecci  rnetallic* 
veffel  be  truly  metallic,  and  not  covered  with  oxide  or  other 
foreign  bodies. 

On  the  enquiry,  what  quality  all  the  metals  might  have  in  This  arifes  from 

common,  and  poffefs  in  the  fame  degree,  to  which  this  re-  opacity  of 
111  #  Iff  t  i  s  ^ 

markable  equality  of  their  fufceplibility  of  cooling  might  be 

attributed,  I  found  it  in  their  opacity. 

The  rays  which  cannot  penetrate  the  furface  of  a  body,  hy  which  the 
muft  neceffarily  be  thrown  back  or  refle&ed  ;  and  as  the  rays  heat  13  refle6te^ 
of  light,  which  have  much  analogy  with  the  invifible  calo- • 
rific  or  frigorific  rays,  eafjly  penetrate  glafs,  though  they 
are  refle6ted,  at  leaf!  for  the  greatell  part,  by  metallic  fur- 
faces,  I  fufpe&ed  beforehand  the  refult  of  the  experiment 
with  the  two  bottles,  one  of  glafs  and  the  other  of  tinned 
iron. 

d'he  hate  of  a  heated  body,  or  a  body  which  contains  a  Ufual  compari- 
certain  quantity  of  caloric,  has  been  compared  to  that  of  a^n0^eattQ 
fponge  which  contains  a  certain  quantity  of  water.  Sup-  fponge. 
pofing  this  comparifon  to  be  juft,  we  might  compare  the  lofs 
of  heat  by  the  emiflion  of  the  calorific  rays,  to  the  lofs  of 
water  by  evaporation.  Let  us  try  if  this  comparifon  can  fup- 
ply  us  with  the  means  of  throwing  fome  light  on  the  interefting 
fubjeft  of  our  researches. 

Inftead  of  the  fponge  filled  with  water,  let  us  fubftitute  The  fame  am- 
the  earth,  and  fuppofe  for  a  moment  that  the  earth  is  every 
where  equally  heated,  and  its  furface  in  all  parts  covered  with 
a  bed  of  the  fame  kind  of  (oil  equally  moiff. 

-As  a  fquare  league  in  a  mountainous  country  contains  more  If  it  were  true, 
furface  or  more  luperficial  acres  than  a  fquare  league  fituated  a  ro?fh  ^rface 
in  the  plain,  it  is  evident  that  more  water  would  be  evaporated  heat  than  a 
from  the  whole  furface  of  the  earth  in  a  given  time  if  the  earth  fhioothone, 
were  covered  with  mountains,  than  if  its  furface  were  an  im- 
menfe  plain,  and  contequently,  that  more  caloric  ought  to  be 
proje&ed  from  the  furface  of  any  folid  body  broken  with  afpe- 
rit£s,  than  from  the  furface  of  another  body  of  (he  fame  form 
and  dimenfions,  which  is  fmooth  or  well  poli filed. 
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But  the  fluffs 
arc  cont.ary. 


A  poTi Hied  and 
unpolithed  vcf- 
fel  ot  brafs  Cooled 
in, the  fame  time. 


Caution, 


A  rough  furface 
may  refh’dt  as 
much  light  as  a 
imoother. 

Metals  not  lefs 
rtfledfive  for 
lofing  their  po¬ 
ll  A. 


If  the  radiation 
of  heat  defeend 
on  furrounding 
bodies,  it  will 
be  of  no  confe¬ 
rence  whether 
the  radiating 
body  be  polifhed 
or  not. 


This  reafoning  appears  to  me  to  be  juft,  and  if  I  am  no4 
deceived,  the  conclufions  which  may  be  drawn  from  the  fa£ts 
in  queftion,  well  confirmed  by  experiment,  ought  to  be  conti- 
dered  as  demonftrative.  J  have  taken  every  poflible  care  to 
eftablifh  thefe  fa<5h;  and  the  relulls  of  all  my  experiments  have 
conftantly  fbewn  that  more  or  lefs  pciiect  polifh,  or  the  greater 
or  lels  brightnets  of  the  furface  of  a  metallic  veil'd,  does  not 
fen  Ably  influence  the  time  of  its  cooling. 

I  took  two  equal  veflels  of  brats  and  poll  Died  the  external 
furlace  oi  one  ot  them  as  highly  as  poflible;  and  I  def'troyed 
the  pohfli  ot  the  other  by  rubbing  it  in  ail  directions  with  coarfe 
emery.  When  tliele  two  veflels  were  filled  with  hot  water,  I 
did  not  find  that  the  unpoliflied  veflel  employed  more  or  lefs 
time  in  cooling  than  that  which  was  polilhed. 

I  was  careful  to  walli  the  furface  of  the  unpoliflied  veffel 
effectually  with  water  before  the  experiment ;  as  I  knew  that 
it  I  did  not  lake  the  precaution  of  removing  all  the  dirt  which 
might  be  lodged  in  theafperiles  of  the  furface,  the  prefence  ot 
thele  (mall  foreign  bodies  would  influence  the  relull  of  the  ex¬ 
periment  in  a  fen  Able  manner. 

W  e  ought  carefully  to  diflinguifh  thofe  furfaces  which  appear 
unpoliflied  to  our  eyes,  but  which  in  ia<ft  are  not  fo,  from  thofe 
which  reflect  little  or  no  light. 

It  is  more  than  probable  that  the  furface  of  a  metal  is  always 
polilhed,  and  even  always  equally  lo  in  all  the  cafes  wherein 
the  metal  is  naked  and  clear  and  clean,  nolvvithflanding  all  the 
mechanical  means  which  may  be  ufed  lo  feraleh  its  furface  aivd 
break  the  glare  of  its  luftre. 

Let  us  return  to  the  comparifon  of  the  evaporation  of  water 
from  the  furface  of  the  earth,  with  the  emiliion  of  caloric  ra¬ 
diating  from  the  furface  of  a  heated  body,  and  let  us  fuppofe 
for  an  inftant,  that  the  evaporation  of  the  water  from  the  fur- 
face  of  the  earth  does  not  depend  on  the  heat  of  the  earth 
itfelf,  but  that  it  is  caufed  merely  by  (he  influences  of  fur¬ 
rounding  bodies,  as  for  example,  by  the  ravs  of  light  received 
from  the  fun.  It  is  evident  that,  in  this  cale,  the  evaporation 
could  not  be  lenfibly  greater  in  a  mountainous  country  than  in 
the  plain;  and  by  an  eafy  analogy  we  fee,  that  if  hot  bodies 
be  cooled,  not  in  confequence  of  the  emiflion  ol  tome  material 
fubfta nee  from  their  furfaces,  but  by  the  polilive  action  of  rays 

lent 
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fent  to  them  by  colder  furrounding  bodies  the  more  or  lefs  per¬ 
fect  polilli  of  their  furfaces,  ought  not  fenfibly  to  influence  the 
rapidity  of  their  cooling. 

This  is  precifeiy  what  all  my  experiments  concur  to  prove.  Experiments 

I  have  long  fought,  and  with  that  patience  which  the  love  {j^c  t  S  r  J' 
of  the  fciences  infpires,  to  reconcile  the  retults  of  my  experi¬ 
ments  with  the  opinions  generally  received  concerning  the  na¬ 
ture  of  heat  and  its  mode  of  a6tion,  but  without  being  able  to 
lucceed. 

It  is  in  the  hands  of  two  of  the  moft  illuflrious  bodies  of 
learned  men  that  ever  exifled  that  I  have  thought  it  incumbent 


on  me  to  depofit  my  labours,  my  difcoveries,  my  doubts,  and 
my  conje&ures. 

I  am  earneflly  defirous  of  engaging  the  philofophers  of  all 
countries  to  turn  their  attention  towards  an  object  of  enquiry 
too  long  neglected. 

The  fcience  of  heat  is  not  only  of  great  curiofity,  from  the  Importance  of 
multitude  of  aftonifhing  phenomena  it  offers  to  our  contempla- ^tfuence 
tion,  but  it  is  likewife  extremely  interefling  from  its  intimate, 
connection  with  all  the  ufeful  arts,  and  generally  with  all  the 
mechanical  occupations  of  human  life. 

Without  a  knowledge  of  heat  it  is  not  pofTible  either  to  ex¬ 
cite  it  with  economy,  or  to  direct  its  different  operations  with 
facility  and  precifion. 


( The  Remainder  in  our  next.) 


II. 

On  pure  Xickel,  difeovered  to  be  one  of  the  nolle  Metals ,  and  on 
its  Preparation  and  Properties.  Rj/  J.  R.  Richter.* 

Ok  repeatedly  cryftallizing  fulphate  of  ammonia  and  nickel,  Cobalt  feparated 

the  whole  of  the  cobalt,  an  extremely  (mail  quantity  excepted,  hom  fu.!P^ate  °f 

will  be  feparated;  b’'t  after  this  there  Hill  remains  lome  cop- nickel  by  re  - 

per  mixed  wi  th  the  fait.  I  have  already  announced  that  this  Peated  cryftalli- 

J  nation. 

metal  may  be  feparated  from  the  nickel  by  (ubliming  the  latter  Copper,  by  fub. 
with  fal  ammoniac;  but  at  that  time  I  had  never  obtained  Wlth  ^ 

pure  nickel.  With  the  compound  fait  of  nickel  and  ammonia 

*  Tranfbted  from  the  Journal  de  Chiniie  of  Van  Mons,  vol.  VI. 
p.  183,  March,  1805;  and  abridged  by  Van  Mons  from  the  All- 
%cmrines  Journal  Mr  Cbemie,  1804,  vol.  III,  p.  244. 
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Aifenic  and  iron 
kft. 


The  triple  fait 
decompofed  by 
carbonate  of 

jpotaih. 


The  metal  re¬ 
duced. 


The  refult  not 
pure  nickel. 


The  folutlon 
precipitated  and 
expofcd  to  a 
ilrong  heat. 


a  little  arfenic  ftill  remains ;  and  there  may  be  iron  Iikewife, 
when  we  have  been  a  little  too  fparing  in  the  addition  of  nitric 
acid  to  the  fulphuric  folntion  of  cobalt  containing  calx  of  nickel. 

I  endeavoured  to  feparate  thefe  extraneous  metals  in  the 
humid  way,  but  not  with  complete  fuccefs.  I  decompofed  by 
means  of  carbonate  of  potafh  the  triple  ammoniacal  fait  of 
nickel,  free  from  iron,  and  as  much  as  poftible  from  cobalt: 
the  precipitate  flill  was  vifibly  of  a  greenifh  blue.  Having 
edulcorated  it,  and  heated  it  to  rednefs,  it  changed  its  colour, 
as  it  loft  its  carbonic  acid,  to  a  blackifh  gray,  which  however 
inclined  evidently  to  a  green.  The  water  of  edulcoration, 
which  had  a  greenifh  appearance,  was  evaporated  to  drynefs, 
and  the  refiduum,  after  being  heated  red  hot,  was  walhed 
again.  A  green  powder  remained,  which  did  not  lofe  its  co¬ 
lour  in  the  fire,  and  conn  fled  in  great  part  of  arfeniate  of 
nickel. 

I  mixed  each  of  the  two  refiduums  feparately  with  a  fifth 
part  of  charcoal,  and  expofcd  them  to  the  heat  of  a  potter's 
furnace  for  eighteen  hours  in  a  cupel  with  a  little  porcelain 
glaze.  The  metallic  buttons  obtained  differed  a  little  from 
each  other.  Each  endured  a  few  blows  with  a  hammer  with¬ 
out  cracking;  but  that  of  the  latter  refiduum  was  much  more 
white  and  fragile  than  that  of  the  former,  the  colour  of  which 
approached  that  of  fleel  and  was  (lightly  reddifh.  They  were 
both  attacked  with  avidity  by  nitric  acid,  and  they  were  at¬ 
tracted  by  the  magnet,  but  the  former  only  weakly. 

As  from  feveral  effects  on  porcelain  it  appeared  to  me  pro¬ 
bable,  that  pure  nickel  was  a  noble  metal,  I  dilfolved  afrefh 
in  nitric  acid  the  whole  quantity  reduced,  which  amounted  to 
feveral  ounces,  anti  evaporated  thefolution  todr\nefs.  I  then 
poured  water  on  the  faline  mafs,  and  a  beautiful  green  folution 
was  formed  ;  but  a  greenifh  white  refiduum  remained,  in  which 
I  eafily  dete6led  the  prefence  of  iron,  nickel,  and  arfenic 
acid. 

The  folution,  which  befide  arfenic,  contained  a  confiderable 
portion  of  copper,  was  precipitated  by  carbonate  of  potafh, 
and  the  refiduum,  the  colour  of  which  was  ftill  verv  lively, 
though  not  fo  green  as  that  of  carbonate  of  copper,  was  well 
walhed  and  expofed  to  a  white  heat.  This  changed  its  apple 
green  colour  to  a  deep  green  inclining  to  gray  and  brown. 
With  a  ftronger  heat  the  mafs  aflfumed  a  grayer  brown,  and  at 

the 
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the  fame  time  appeared  to  coagulate.  There  were  likewife 
portions  of  reduced  metal  in  it,  that  could  not  be  raidaken. — ■ 

I  could  not,  however,  accomplith  its  fulion  in  a  wind-furnace.  Very  refractory, 
furmounted  with  a  cupellating  furnace  dome,  and  having  a 
long  chimney.  In  confequence,  I  divided  it  into  feveral  por¬ 
tions,  which  I  expofed  in  crucibles  to  the  dronged  heat  of  a 
potter’s  furnace,  in  which  capfules  of  the  mod  refra6iory  clay 
are  frequently  foftened. 

In  thofe  crucibles  which  were  placed  where  the  porcelain  Fuferiinthe 
is  longed  taking,  the  matter  had  experienced  no  change  but  a 
coagulation.  In  the  other  crucibles  it  had  entered  into  com-  nace. 
plete  fufion,  yet  not  into  a  liquid  fution,  and  the  crucibles  had 
partly  experienced  the  fame  etfeft.  Here  and  there  in  the 
melted  mafs  metallic  globules  were  found,  the  larged  of  which 
were  the  fize  of  a  fmall  nut,  and  the  lead  that  of  a  cherry- 
done.  Their  brilliancy  was  a  mean  between  that  of  diver  and 
that  of  Englifli  tin.  The  fcorim  were  greenifh  brown,  mixed  Scoria?. 
writh  an  amethyd  colour,  and  in  fome  places  a  deep  blue  en¬ 
tirely  like  fufed  oxide  of  cobalt.  The  brown  colour  arofe  from 
the  oxide  of  copper,  which  was  completely  vitrified,  and  the 
blue  from  that  of  cobalt.  The  green,  on  the  contrary,  pro.  Arfeniate  of 
ceeded  from  arfeniate  of  nickel,  which,  as  I  have  learned  by  nic^el* 
experience,  drongly  refids  fufion,  without  the  addition  of 
fome  combudible  fubdance. 

I  attempted  to  hammer  the  metallic  globules  on  an  anvil,  The  metal  mal- 
and  to  my  great  fatisfa&ion  I  found  that  they  podefied  confider- 
able  malleability.  They  were  eagerly  attra&ed  by  the  mag¬ 
net. 

As  it  was  impodible  to  feparate  the  fcorie  with  the  hammer  Re-fufion, 
from  the  little  globules  to  which  they  adhered,  I  collected 
them  together  by  trituration  and  decantation,  and  expofed  them 
to  fudon  afrefh.  It  was  again  complete  only  in  the  places  of 
the  furnace  mod  heated. 

Convinced  from  thefe  refults,  that  nickel  is  reducible  in  the  Reduced  with- 
fire  without  the  addition  of  any  combudible  matter,  I  at-  a 

tempted  to  reduce  fome  oxide  of  this  metal,  obtained  by  the 
decompofition  of  the  triple  ammoniacal  fait  of  nickel,  which 
during  an  uninterrupted  labour  of  eighteen  months,  I  had  pro¬ 
cured  in  a  very  large  quantity.  On  this  occafion  the  fame  phe¬ 
nomena  occurred  as  in  the  preceding  reductions. 

I  repeated  the  melting  till  the  metal  had  undergone  a  com-  A  button  of  an 
plele  fufion,  -and  was  found  collected  together  in  a  button  at  half 

the 
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t;)c  boltom  of  the  crucible.  In  one  crucible  which  had  been 
expoled  to  the  ltrongeli  heat,  I  obtained  a  button  that  weighed 
an  ounce  and  a  half. 

I  was  leis  luccelsful  in  my  fufion  when  I  mixed  the  oxide  of 
nickel  with  porcelain  glaze,  or  when  I  limply  covered  it  with 
this  glaze;  lo  that  I  was  convinced  the  belt  procefs  was  lo  re¬ 
duce  the  oxide  of  nickel  direftlv. 

Alter  much  time  and  patience,  I  fucceeded  in  obtaining  le- 
veral  ounces  ol  nickel,  which  I  mull  conlider  as  ablolutelv 
pure,  and  1  lhall  now  proceed  to  delcribe  the  principal  cha¬ 
racters  that  I  have  perceived  in  it  in  this  Hate. — To  begin 
with  the  external  characters. 

1  he  colour  ol  pure  nickel  is  a  mean  between  filverand  tin. 

It  undergoes  no  alteration  either  from  the  air  of  the  atmol- 
phere  or  from  the  water  in  it ;  in  other  words  it  is  infufceptible 
of  being  oxided  by  the  air. 

It  is  perfectly  malleable;  as  it  may  not  only  be  forged  into 
bars  when  red  hot,  but  hammered  on  the  anvil  while  cold  into 
very  thin  plates.  This  character  removes  nickel  from  the  clal* 
of  (emi-metals  to  that  of  perfect  metals. 

Its  denfity  or  (pecific  gravity  is  pretty  confiderable:  from 
repeated  experiments  with  my  hidroineter  call  nickel  weigh* 
8.279,  and  forged  nickel  8.666. 

Its  tenacity  likewife  appears  confiderable,  to  judge  from  its 
great  ductility.  A  piece  ol  call  nickel,  weighing  live  drams 
allowed  itlell  to  be  flattened,  but  not  without  cracking,  into 
a  plate  ol  13  Iquare  inches  Rhypland  meafure,  which  gives 
lels  than  of  an  inch  for  its  thicknefs.  It  might  probably 
be  drawn  into  a  wire  of  the  lame  tenuity. 

I  he  reliltance  ol  nickel  to  lufion  is  verv  confiderable,  and 
equals,  if  it  do  not  furpafs,  that  ol  manganefe.  The  reader 
may  have  obferved,  from  my  attempts  to  fufe  it,  how  difficult 
it  is  to  obtain  any  thing  decilive  on  this  head. 

At  a  temperature  fufficienlly  high  the  pure  oxide  of  nickel 
is  reducible  without  the  addition  of  any  combullible  matter. 
Its  great  refinance  to  lufion  is  the  only  caufe  why  this  reduc¬ 
tion  prefents  fo  many  difficulties.  Very  little  oxidation  loo  is 
perceptible  on  keeping  this  metal  in  a  Ptate  of  incandelcence  : 
it  is  merely  tarnifhed  a  little  more  than  platina,  gold,  orfilver. 
Nickel  therefore  belongs  not  to  the  clafs  of  per  lea  metals 
merely,  but  to  that  of  noble  metals. 

I  he  a  Chon  ot  the  magnet  oji  nickel  is  not  only  very  confi~ 

derable 


otf  pure  nickel. 

dcrable,  and  little  inferior  to  that  on  iron;  but  nickel  becomes 
itfelf  magnetical,  or  acquires  polarity,  by  the  touch,  and  even 
in  part  by  driking  it  with  a  hammer,  or  filing  it,  with  the  pre¬ 
cautions  tuitabie  for  producing  this  effedt.  I  difeovered  the 
latter  property  by  prefenling  to  the  magnet  a  flip  of  forged 
nickel;  when,  notwithdandiug  it  was  poiifhed  by  the  file,  it 
adhered  more  feebly  to  the  magnet  than  other  flips  Jefs  poiifhed ; 
but  on  my  prefenting  its  other  extremity  to  the  magnet,  it  ad¬ 
hered  to  it  with  great  forCe.  It  likewife  attracted  by  either 
fide  not  only  iron  needles,  but  plates  of  nickel  half  an  inch 
fquare,  which  it  cauled  to  move  about  on  a  fmooth  table. 

The  property  which  nickel  pofTeffes  of  becoming  magnetic  rnagn^tlc 

is  not  dedroyed,  though  weakened  by  its  alloy  with  copper;  I n ed  1  by  copp-r 

but  arfenic  deftroys  it  completely.  I  had  frequent  opportuni-  destroyed  by 

ties  of  making  this  observation  in  the  courfeof  my  experiments.  Ma°reic  ami 

Some  nickel,  from  which  I  had  leparated  the  iron*  and  the  malleable  in  pro- 

arfenic  in  the  humid  wav,  and  which  I  had  afterwards  reduced  P0rO0U  t0  lts 

-  .  purity. 

with  the  addition  of  a  combutlible  fubftance,  was  malleable, 
and  attracted  the  magnet,  though  not  fo  forcibly  as  pure  nickel. 

The  fame  metal,  purified  with  lets  care,  was  lefs  malleable, 
and  proportionally  lets  attractable  by  the  magnet.  Repeated 
expolure  of  the  metal  to  the  moft  powerful  heat  of  a  porce¬ 
lain  furnace  did  not  in  the  lead  redore  to  it  this  property.' — - 
Some  experiments,  which  I  fhall  hereafter  relate,  have  con-  Copper  muft  h* 
vinced  me,  that  copper  cannot  be  entirely  feparated  from  *Tai:Ueki 
nickel  in  the  humid  way,  and  that  the  only  means  of  feparat- 
ing  them  is  to  reduce  the  cupreous  oxide  of  nickel  by  fire. 

The  fulphuric  and  muriatic  acids  have  little  action  upon  A  ft  Ion  of  tk? 
nickel.  The  oxide  of  this  metal  bv  the  air  does  not  diffolve  ^pon 
even  in  the  latter  of  ibefe  acids  without  the  adidance  of  a 
ftrong  ebullition.  The  mod  appropriate  fo! vents  of  nickel  are 
the  nitric  and  nit ro-nmriatic  acids.  I  have  already  mentioned, 
that  impure  nickel,  particularly  the  cupreous  is  attacked  by 
the  nitric  acid  with  heat  and  vivacity.  Theadlion  of  the  fame 
acid  on  pure  nickel  is  a  little  different,  and  particularly  on  the 


*  The  reparation  of  the  iron  fucceeds  bed  by  a  rapid  evaporation  Bed  mode  of 
of  the  nitric  folution  of  the  ferruginous  nickel,  by  which  the  iron  freeing  it  from 
is  precipitated  in  the  form  of  an  infoluble  oxide.  At  the  fdme  time  iM>n* 
a  little  arfenic  is  feparated  in  union  with  the  iron.  It  is  preferable, 
however,  to  feparat.e  the  arfenic  firft,  which  is  efFedted  by  the  help 
of  a  nitric  foluticn  of  lead.  The  lead  is  afterward  to  be  precipi- 
ttat-ed  by  a  lolution  of  fulphate  of  potafh. 


hammered 
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hammered  metal.  I  have  poured  nitric  acid  on  nickel  both  irt 
buttons  and  laminated,  expe&ing  a  very  a£live  foiution;  but 
it  has  proceeded  llowly,  and  I  have  even  been  obliged  to  have 
recourfe  to  the  heat  of  a  fpirit  lamp  to  accelerate  it.  Thedif- 
lolution  novvever  having  appeared  to  ceafe,  I  decanted  the 
liquid  and  poured  on  the  retiduum  a  frefh  quantity  of  acid  of 
ame  flren^th  as  the  preceding,  when  on  a  fudden  fuch  a 


brilk  action  came  on,  accompanied  with  the  evolution  of  heat  *, 
that  I  could  not  remove  the  capfule  to  the  fire-place  quickly 
enough. 

I  fliall  now  go  on  to  confider  fome  of  the  chara&ers  of  pure 
nickel  in  the  ftateof  oxidation. 

I  he  nitric  foiution  ot  pure  nickel  has  a  beautiful  grafs-green 
colour.  Carbonate  of  potafli  teparates  from  it  a  pale  apple 
Precipitate  very  green  precipitate.  This  precipitate  well  wafhed  and  dried 


Characters  of 
oxide  of  nickel. 


light. 


Oil  promotes 
jts  reduftion. 

Precipitate  by 
ammonia* 


is  very  light.  A  thoufand  parts  of  metallic  nickel  reduced  to 
this  precipitate  weigh  2,927  parts. 

It  this  precipitate  be  expofed  to  a  white  heat  it  becomes  of 
a  blackifli  gray,  fcarcely  inclining  to  green,  and  weighing 
only  1,285.  On  continuing  the  tire,  the  mafs  approaches  the 
metallic  date  more  and  more,  and  becomes  magnetic.  This  is 
effected  much  more  fpeediiy  if  the  oxide  be  moidened  with  a 
little  oil. 

On  adding  cauftic  ammonia  in  excels  to  a  nitric  foiution  of 
nickel,  a  precipitate  is  formed,  refembling  in  colour  ammoni- 
ure  of  copper,  but  not  fo  deep.  This  colour  fometimes 
changes  in  a  couple  of  hours  to  an  amethyft  red,  and  to  a  vi¬ 
olet,  which  colours  are  converted  into  an  apple-green  on  the 
addition  ot  an  acid,  and  again  to  a  blue  and  violet  on  the  ad¬ 
dition  of  ammonia.  If  however  we  add  to  the  foiution  of 
nickel  a  foiution  of  copper,  fo  as  to  produce  no  perceptible 
change,  toe  colour  of  the  precipitate  formed  by  ammonia 
ceafes  to  aflame  a  red  tinge,  and  the  red  colour  of  the  ammo- 
niure  of  nickel  difappears  on  the  addition  of  a  little  ammoni- 
ure  of  copper;  whence  it  follows,  that  every  precipitate  of 
nickel  by  ammonia,  which  retains  its  blue  colour,  has  copper 
combined  with  it. 


Trs  being  a  noble  *  From  this  it  is  difficult  to  believe  that  nickel,  under  favour- 
mual  (jueftion-  able  circumftances,  would  not  become  oxided  by  the  combined  In¬ 
fluence  of  air  and  lire.  VakMoNS. 

•  *  ,  n  it  if  . .  >  4  * *  nuiluici  *>n  t:i  \i\ 
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nr. 

On  the  'Analyfis  of  Soils,  as  connected  with  their  Improvement. 
^Humphrey  Davy,  Efq.  F.  R.  S.  Profejfor  of  Chemijtry 
to  the  Board  of  Agriculture  and  to  the  Royal  Injlitution . 

I.  Utility  of  Invefiigation  relating  to  the  Analyfis  of  Soils. 

The  methods  of  improving  lands  are  immediately  connedted 
with  the  knowledge  of  the  chemical  nature  of  foils,  and  ex¬ 
periments  on  their  compofition  appear  capable  of  many  ufeful 
applications. 

The  importance  of  this  fubject  has  been  already  felt  by  fome  Analyfis  of 
very  able  cultivators  of  fcience  ;  many  ufeful  fails  and  obfer- ^en<ie^ 
vations  with  regard  to  it  have  been  furnithed  by  Mr.  Young;  Young,  Lord 
it  has  been  examined  by  Lord  Dundonald,  in  his  treatife  on  Dundonald,  and 
the  connexion  ot  Chemiflry  with  Agriculture,  and  by  Mr. 

Kirwan  in  his  excellent  effay  on  Manures:  but  the  enquiry  is 
ftill  far  from  being  exhaufted,  and  new  methods  of  elucidating 
it  are  almofl  continually  offered,  in  confequence  of  the  rapid 
progrefs  of  chemical  difcovery. 

In  the  following  pages  I  (hall  have  the  honour  of  laying 
before  the  Board,  an  account  of  thofe  methods  of  analysing 
foils  which  appear  mod  precife  and  fimple,  and  moft  likely  to 
to  be  ufeful  to  the  practical  farmer;  they  are  founded  partly 
upon  the  labours  of  the  gentlemen,  whofe  names  have  been 
juft  mentioned,  and  partly  upon  fome  later  improvements. 

it  i ;  \  t)  j  ;  1 ;  ?'  1 

II.  Of  the  Subfiances  found  in  Soils . 

*  *  *  i  * 

The  fubftances  which  are  found  in  foils,  are  certain  mixtures  Soils  contain 

or  combinations  of.  fome  of  the  primitive  earths,  animal  and  earths>  an'™ai 

vegetable  matter  in  a  decompofing  ftate,  certain  faline  com-  remains,  faline 

pou  ds,  and  the  oxide  of  iron.  Thefe  bodies  always  retain  co^Poun?s>  ancf 
.  .  _  .  .  J  oxide  ot  iron, 

water,  and  exift  in  very  different  proportions  in  different  lands ; 

and  the  end  of  analytical  experiments  is  the  detection  of  their 

quantities  and  mode  of  union. 

The  earths  found  in  common  foils  are  principally  ftlex  or 

(he earth  of  flints,  alumine  or  the  pure  matter  of  clay,  lime, 

or  calcareous  earth,  and  magnefia. 

Silex,  or  the  earth  of  flints,  when  perfedlly  pure,  appears  in  Silex. 

the  form  of  a  white  powder,  which  is  incombuftible,  infutible, 
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Alumine. 


infoluble  in  water,  and  not  aded  upon  by  common  acids ;  it  is  the 
fubftance  which  conftitutes  the  principal  part  of  rock  chryftal ; 
it  compotes  a  contiderable  part  of  hard  gravelly  toils,  ol  hard 
Tandy  foils,  and  of  hard  (tony  lands. 

'Alumine,  or  pure  clay,  in  its  perfed  ftate  is  white  like  filex  ; 
it  adheres  ftrongly  to  the  tongue,  is  incombuftible,  infoluble  in 
water,  but  foluble  in  acids,  and  in  fixed  alkaline  menftrua.- 
It  abounds  moft  in  clayey  toils  and  clayey  loams ;  but  even  in 
the  fmalleft  particles  of  thefe  foils  it  is  ufually  united  to  filex 
and  oxide  of  iron. 


Lime, 


I 


Magnefia. 


Animal  decom¬ 
pofing  matter. 


Wget\ble  de¬ 
compofing  mat¬ 
ter. 


Saline  com¬ 
pounds. 


Lime  is  the  fubftance  well  known  in  its  pure  flate  under  the 
name  of  quicklime.  It  always  exiffs  in  foils  in  combination, 
and  that  principally  with  fixed  air  or  carbonic  acid,  when  it  is 
railed  carbonate  of  lime;  a  fubftance  which  in  the  moff  corn- 
pad  form  conftitutes  marble,  and  in  its  loofer  form  chalk. 
Lime,  when  combined  with  fill  phut  ic  acid  (oil  of  vitriol),  pro¬ 
duces  fulphate  of  lime  (gypfum),  and  with  phofphonc.  acid, 
phofpbate  of  lime.  The  carbonate  of  lime,  mixed  with  oilier 
fubfiances,  compotes  chalky  foils  and  marles,  and  it  is  found 
in  foft  Tandy  foils. 

Magnefia ,  when  pure,  appears  as  white,  and  in  a  lighter 
powder,  than  any  bf  the  other  earths;  it  is  foluble  in  acid, 
but  not  in  alkaline  menftrua;  it  is  rarely  found  in  foils;  when 
it  does  exift,  it  is  either  in  combination  with  carbonic  acid, 
or  with  filex  and  alumine. 

Animal  decompofing  matter  exifts  in  very  different  fates,  ac¬ 
cording  as  the  fubfiances  from  which  it  is  produced  are  differ¬ 
ent ;  it  contains  much  carbonaceous  fubftance,  and  may  be 
principally  refdlVed  by  hc^t  into  this  fubftance,  volatile  alkali, 
inflammable  aeriform  produds,  and  carbonic  acid;  it  is  prin¬ 
cipally  found  in  lands  that  have  been  lately  manured. 

Vegetable  decompofing  matter  is  likewife  very  various  in  kind, 
it  contains  ufually  more  carbonaceous  fubftance  than  animal 
matter,  and  differs  from  it  in  the  refults  of  its  decompofition 
principally  in  not  producing  volatile  alkali ;  it  forms  a  great 
proportion  ot  all  peats ;  it  abounds  in  rich  mould,  and  is  found 
in  larger  or  fmaller  quantities  in  all  lands. 

The  Jaline  compounds  found  in  foils  are  very  few,  and  in 
quantities  fo  fmall,  that  they  are  rarely  to  be  difeovered. 
They  are  principally  muriate  of  foda  (common  fall),  fulphate 
of  magnefia  (Eptom  fall),  and  muriate  and  fulphate  of  potath, 
nitrate  of  lime^.and  the  mild  alkalies. 
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The  Q$ide  of  iron  is  the  fame  with  the  rufl:  produced  by  Oxide  of  iron, 
expofing  iron  to  the  air  and  water  ;  it  is  found  in  all  foils,  but 
is  mod  abundant  in  yellow  and  red  clays,  and  in  yellow  and 
red  filiceous  fands. 

A  more  minute  account  of  thefe  different  fubftances  would 
be  incompatible  with  the  objedt  of  this  paper.  A  full  de- 
fcription  of  thejr  properties  and  agencies  may  be  found  in  the 
elementary  books  on  chemiftry,  and  particularly  in  the  Syftem  of 
Chemiftry  by  Dr.  Thomfcjn  (2d  Ed.) ;  and  in  Henry’s  Epitome 
of  Chemiftry, 


III.  Inftruments  required  for  the  Analyfis  of  Soils , 

The  really  important  inftruments  required  for  the  analyfis 
of  foils  are  few,  and  but  little  expenfive.  They  are  a  balance 
capable  of  containing  a  quarter  of  a  pound  of  common  foil, 
and  capable  of  turning  when  loaded,  with  a  grain  ;  a  feries 
of  weights  from  a  quarter  of  a  pound  Troy  to  a  grain;  a  wire 
fieve,  lufficiently  coarfe  to  admit  a  pepper  corn  through  its 
apertures  ;  an  Argand  lamp  and  ftand  ;  fome  glafs  bottles  ; 
Heffian  crucibles ;  porcelain,  or  queen’s  ware  evaporating 
bafons;  a  Wedgewood  peftle  and  mortar;  fome  filters  made 
of  half  a  (beet  of  blotting  paper,  folded  fo  as  to  contain  a 
pint  of  liquid,  and  greafed  at  the  edges ;  a  bone  knife,  and 
an  apparatus  for  collecting  and  meafuring  aeriform  fluids. 

The  chemical  fubftances  or  reagents  required  for  feparating 
the  conftituent  parts  of  the  foil,  are  muriatic  acid  (fpirit  of 
fait),  fulphuric  acid,  pure  volatile  alkali  diffolved  in  water, 
folution  of  prufliate  of  potafli,  foap  lye,  folution  of  carbonate 
of  ammoniac,  of  muriate  of  ammonia,  folution  of  neutral  car¬ 
bonate  of  potafli,  and  nitrate  of  ammoniac.  An  account  of 
the  nature  of  thefe  bodies,  and  their  effects,  may  be  found 
in  the  chemical  works  already  noticed  ;  and  the  reagents  are 
fold  together  with  the  inftruments  mentioned  above,  by  Mr. 
Knight,  Fofter  Lane,  Cheapfide,  arranged  in  an  appropriate 
cheft. 

IV.  Mode  of  collebting  Soils  for  Analyfis. 

In  cafes  when  the  general  nature  of  the  foil  of  a  field  is  to 
be  afcertained,  fpecimens  of  it  fliould  be  taken  from  different 
places,  two  or  three  inches  below  the  furface,  and  examined 
as  to  the  fimilarity  of  their  properties.  It  fometimes  happens, 
that  upon  plains  the  whole  of  the  upper  ftratum  of  the  land  is 

G  2  q£ 


Inftruments  for 
analyfis.  A  ba¬ 
lance,  weights, 
fieve,  lamp, 
bottles,  cru¬ 
cibles,  batons, 
p.  and  mortar, 
filters,  knife, 
app.  for  gates. 


Re-agents. 

Mur.  and  fulp. 
acids,  vol.  alk. 
pr.  potato*  foap 
jye,  caib.  amm. 
mur.  amm. 
ca-b.  pot. 
nitr.  amm. 


How  famples  of 
foils  are  to  be 
collected. 
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and  preferved  if 
needful. 


The  fpecific 
gravity 


of  the  lame  kind,  and  in  this  cafe,  one  analyfis  will  be  fuffi- 
cient ;  but  in  vallies,  and  near  the  beds  of  rivers,  there  are 
very  great  differences,  and  it  now  and  then  occurs  that  one 
part  ot  a  field  is  calcareous,  and  another  part  filiceous;  and 
in  this  cafe,  and  in  analogous  cafes,  the  portions  different 
from  each  other  fliould  be  feparately  fubmitted  to  experiment. 

Soi;s  when  collected,  if  they  cannot  be  immediately  ex¬ 
amined,  fliould  be  preferved  in  phials  quite  filled  with  them, 
and  clo.fed  with  ground  glafs  Hoppers. 

The  quantity  of  foil  mod  convenient  for  a  perfect  analyfis, 
is  from  two  or  four  hundred  grains.  It  fhould  be  colleded  in 
dry  weather,  and  expofed  to  the  atmofphere  till  it  becomes  dry 
to  the  touch. 

I  he  fpecific  gravity  of  a  foil,  or  the  relation  of  its  weight 
to  that  of  water,  may  be  ascertained  by  introducing  into  a 
phial,  which  will  contain  a  known  quantity  of  water,  equal 
volumes  of  water  and  of  foil,  and  this  may  be  eafily  done  by 
pouring  in  water  till  it  is  half  full,  and  then  adding  the  foil 
tid  the  fluid  rifes  to  (he  mouth  ;  the  difference  between  the 
weight  of  the  foil  and  that  of  the  water,  will  give  the  refult. 
Thus  if  the  bottle  contains  four  hundred  grains  of  water,  and 
gains  two  hundred  grains  when  half  filled  with  water  and  half 


with  foil,  the  fpecific  gravity  of  the  foil  will  be  2,  that  is,  it 
will  be  twice  as  heavy  as  water,  and  if  it  gained  one  hundred 
and  llxty-five  grains,  its  fpecific  gravity  would  be  1325,  water 
being  1000. 

'to  be  Wvn3nCe  h  lS  0t  imPortance>  lllat  the  fpecific  gravity  of  a  foil  fliould 
be  known,  as  it  affords  an  indication  of  the  quantity  of  animal 

and  vegetable  matter  it  contains;  thefe  fubflances  being  always 
mofl  abundant  in  the  lighter  foils. 

Other  physical  The  other  phyfical  properties  of  foils  fliould  likewife  be  ex- 

properties.  .1  ?  t 

amined  before  the  anafytis  is  made,  as  they  denote,  to  a  cer¬ 
tain  extent,  their  cornpofition,  and  ferve  as  guides  in  directing 
the  experiments.  Thus  filiceous  foils  are  generally  rough  to 
the  touch,  and  lcralch  glals  when  rubbed  upon  it;  aluminous 
foils  adhere  firongly  to  the  tongue,  and  emit  a  flrong  earthy 
fmell  when  breathed  on ;  and  calcareous  foils  are  foft,  and 
much  lefs  adhefive  than  aluminous  foils. 


V.  Mode 
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V.  Mode  of  afcertaining  the  Quantity  of  Water  of  Abforption 

in  Soils. 

Sorts,  though  as  dry  as  they  can  be  made  by  continued  ex-  Evaporation  of 
pofure  to  air,  in  all  cafes  ffill  contain  a  confiderable  quantity  the  airbed 
ol  water,  which  adheres  with  great  obftinacy  to  the  earths  and  ^quantity 
animal  and  vegetable  matter,  and  can  only  be  driven  off  from  foils, 
them  by  a  contiderable  degree  of  heat.  The  firti  procefs  of 
nnalyfis  is,  to  free  the  given  weight  of  foil  from  as  much  of 
this  water  as  poffible,  without  in  other  refpecfs,  affecting  its 
compofition;  and  this  maybe  done  by  heating  it  for  ten  or 
twelve  minutes  over  an  Argand’s  lamp,  in  a  baton  of  porce¬ 
lain,  to  a  temperature  equal  to  300  *  Fahrenheit ;  and  in  cafe 
a  thermometer  is  not  ufed,  the  proper  degree  may  be  eaiily 
afcertained,  by  keeping  a  piece  of  wood  in  contadl  with  the 
bottom  of  the  difh ;  as  long  as  the  colour  of  the  wood  remains 
unaltered,  the  heat  is  not  too  high;  but  when  the  wood  begins 
to  be  charred,  the  procefs  mud  be  flopped.  A  fmall  quantity 
of  water  will  perhaps  remain  in  the  foil  even  after  this  opera¬ 
tion,  but  it  alwrays  affords  ufeful  comparative  refults  ;  and  if  a 
higher  temperature  were  employed,  the  vegetable  or  animal 
matter  would  undergo  decompofition,  and  in  confequence  the 
experiment  be  wholly  unfatisfa£fory. 

The  lofs  of  weight  in  the  procefs  fhould  be  carefully  noted.  One- eighth  is 
and  when  in  four  hundred  grains  of  foil  it  reaches  as  high  as  an  extreme  pio- 
50,  the  foil  may  be  confidered  as  in  the  greatefl  degree  abfor-  portlon* 
bent,  and  retentive  of  water,  and  will  generally  be  found  to 
contain  a  large  proportion  of  aluminous  earth.  When  the  lofs 
is  only  from  20  to  10,  the  land  may  be  confidered  as  only 
flightly  abforbent  and  retentive,  and  the  filicious  earth  as  moll 
abundant. 


VI.  Of  the  Separation  of  Slones ,  Gravel,  and  vegetable  Fibres 

from  Soils. 

None  of  the  Ioofe  flones,  gravel,  or  large  vegetable  fibres  Stones,  &c.  to 

fhould  be  divided  from  the  pure  foil  till  after  the  water  is  drawn  be  *eParate^  af- 

*  ter  the  drying* 

olf;  for  thefe  bodies  are  themfelves  often  highly  abforbent  and  &c. 
retentive,  and  in  confequence  influence  the  fertility  of  the  land. 


*  In  feveral  experiments,  in  which  this  procefs  has  been  carried 
on  by  diftillation,  I  have  found  the  water  that  came  over  pure,  and 
no  fenlible  quantity  of  other  volatile  matter  was  produced. 
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The  next  procefs,  however,  after  that  of  heating,  (houid  be 
their  reparation,  which  may  be  eafily  accomplifhed  by  the 
fieve,  after  the  foil  has  been  gently  bruifed  in  a  mortar.  The 
weights  of  the  vegetable  fibres  or  wood,  and  of  the  gravel 
and  fiones  flhould  be  feparately  noted  down,  and  the  nature 
of  the  Iafi  afcertainedj  if  calcareous,  they  will  effervefce  with 
acids;  ir  filiceou*,  they  will  be  fufficiently  hard  to  fcratch 
glafs ;  and  if  of  the  common  aluminous  clafs  of  fiones,  they 
will  be  foft,  eafily  fcratched  with  a  knife,  and  incapable  of 
effervefcing  wiih  acids. 

i  s 

VII.  Repartition  of  the  Sand  and  Clay,  or  Loam ,  from  each 

other. 

Sand,  clay,  and  The  greater  number  o*f  foils,  befides  gravel  and  fiones,  con- 

Jfrom  each^thcr  ta‘n  ^ar§er  or  fma/ler  proportions  of  fand  of  different  degrees 

by  eiutiiation.  of  finenefs  ;  and  it  is  a  neceflary  operation,  the  next  in  the 
procefs  of  analyfis,  to  detach  them  from  the  parts  in  a  fiate 
of  more  minute  divifion,  fuch  as  clay,  loam,  marie,  and  ve¬ 
getable  and  animal  matter.  This  may  be  effected  in  a  w’ay 
fufficiently  accurate,  by  agitation  of  the  foil  in  water.  In  this 
cafe,  the  coarfe  fand  wid  generally  feparate  in  a  minute,  and 
the  finer  in  two  or  three  minutes,  whilft  the  minutely  divided 
earthy,  animal,  or  vegetable  matter  will  remain  in  a  fiate  of 
mechanical  fufpenfion  for  a  much  longer  time ;  fo  that  by 
pouring  the  water  from  the  bottom  of  the  veffel,  after  one, 
two,  or  three  minutes,  the  fand  will  be  principally  feparated 
from  the  oilier  fubfiances,  which,  with  the  water  containing 
them,  mufi  be  poured  into  a  filter,  and  after  the  water  has 
pafferi  through,  colledled.  dried  and  weighed.  The  fand  muff 
like  wife  be  weighed,  and  their  refpective  quantities  noted 
down.  The  w;ater  of  lixiviation  mufi  be  preferved,  as  it 
will  be  found  to  contain  the  laline  matter,  and  the  foluble 
animal  or  vegetable  matters,  if  any  exifi  in  the  foil. 

VIII.  Examination  of  the  Sand . 

The  fan*  Ma-  By  the  procefs  of  wafting  and  filtration,  the  foil  is  feparated 

rated  into  fill-  •  .  ,  .  • 

cec-i's  and  ca.ca-  u  0  Por,if>ns,  the  moft  important  of  w  hich  is  generally  the 

rcous.  finely  divided  matter.  A  minute  analyfis  of  the  fand  is  leldom 

or  never  necefTary,  and  its  nature  may  be  dete&ed  in  the  fame 
manner  as  that  of  the  fiones  or  gravel.  It  is  always  either 
filicious  fand,  or  calcareous  fand,  or  a  mixture  of  both.  If  it 

confifis 
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con  fids  wholly  of  carbonate  of  lime,  it  will  be  rapidly  foluble 
in  muriatic  acid,  with  effervefcence ;  but  if  it  confifl  partly  of 
this  lubffance,  and  partly  of  filiceous  matter,  the  refpedtive 
quantities  may  be  afcertained  by  weighing  the  refiduum  after 
the  action  of  the  acid,  which  mud  be  applied  till  the  mixture 
lias  acquired  a  four  tafte,  and  has  ceafed  to  effervefce.  Tips 
refiduum  is  the  filicious  part :  it  mull  be  waffled,  dried,  and 
heated  ffrongly  in  a  crucible;  the  difference  between  the  weight 
of  it  and  the  vy- eight  of  the  whole,  indicates  the  proportion  of 
calcareous  fand. 

IX.  Examination  of  the  finely  divided  Matter  of  Soils,  and  Mode 
of  dete&ing  mild  Lime  and  Magnefia. 

The  finely  divided  matter  of  the  foil  is  ufually  very  compound  The^fincfl  <Jl* 
in  its  nature;  it  Sometimes  contains  all  the  four  primitive  earths  treated> 
of  foils,  as  well  as  animal  and  vegetable  matter ;  and  to  ascer¬ 
tain  the  proportions  of  thefe  with  tolerable  accuracy,  is  the  mod 
difficult  part  of  the  Subject. 

The  firff  procefs  to  be  performed,  in  this  part  of  the  analyfis.  Muriatic  acid 
is  the  expofure  of  the  fine  matter  of  the  foil  to  the  action  of  die  ^gnefia^'or  * 
muriatic  acid.  This  fubdance  fiiould  be  poured  upon  the  earthy  iron, 
matter  in  an  evaporating  bafon,  in  a  quantity  equal  to  twrice 
the  weight  of  the  earthy  matter;  but  diluted  with  double  its 
volume  of  water.  The  mixture  fiiould  be  often  ffirred,  and 
Suffered  to  remain  for  an  hour  or  an  hour  and  a  half  before  it  is 
examined. 

If  any  carbonate  of  lime  or  of  magnefia  .exid  in  the  foil, 
they  will  have  been  diflblved  in  this  time  by  the  acid,  which 
Sometimes  takes  up  likewife  a  little  oxide  of  iron;  hut  very 
Seldom  any  alumine. 

The  fluid  fiiould  be  puffed  through  a  filter;  the  Solid  matter  Precip.  of  iron 
collected,  waffled  with  rain  water,  dried  at  a  moderate  heat, 
and  weighed.  Its  lofs  will  denote  the  quantity  .of  Solid  matter 
taken  up.  The  wafhings  muff  be  added  to  the  Solution,  which 
if.  not  Tour  to  the  taffe,  muff  be  made  fo  by  the  addition  of  frefli 
acid,  when  a  little  Solution  of  common  pruffiate  of  potafli  mud 
be  mixed  with  the  whole.  If  a  blue  precipitate  occurs,  it  de¬ 
notes  the  prefence  of  oxide  of  iron,  and  the  Solution  of  the 
pruffiate  muff  be  dropped  in  till  no  farther  ,e(fe<ff  is  produced. 

To  afeertain  its  quantity,  it  muff  be  cohered  in  the  fame 
manner  as  other  Solid  precipitates,  and  heated  red;  the  refult 
is  oxide  of  iron. 
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ca I'bon^tc' 'of ^  f*reed  from  oxide  of  iron,  a  folution  of  neu- 

potaih,  fralized  carbonate  of  potadi  mud  be  poured  till  al!  effervefcence 

ceafes  in  it,  and  till  its  tafte  and  fmell  indicate  a  confiderable 
excefs  of  alkaline  fait. 

The  precipitate  that  falls  down  is  carbonate  of  lime;  it 

mu  ft  be  collected  on  the  filler,  and  dried  at  a  heat  below  that 
of  rednefs. 

The  remaining  fluid  mud  be  boiled  for  a  quarter  of  an  hour, 
when  the  magneda,  if  any  exid,  will  be  precipitated  from 
jf,  combined  with  carbonic  acid,  and  its  quantity  is  to  be 
afcertained  in  the  fame  manner  as  that  of  the  carbonate  of 
lime. 


£ken'un.  f  If  any  minute  P^portion  of  alumine  fliould,  from  peculiar 

circumdances,  be  diffolved  by  the  acid,  it  will  be  found  in 
the  precipitate  with  the  carbonate  of  lime,  and  it  may  be 
feparated  from  it  by  boding  for  a  few  minutes  with  foap  lye, 
fufficient  to  cover  the  folid  matter.  This  fubdance  didblves 
alumine,  without,  acting  upon  carbonate  of  lime. 

hme^ffn^ntv,  Sh°ll,d  lhe  fine,3/  divided  foil  be  diffidently  calcareous  to 

may  be  t ftimated  f  4  ^  e  verV  drongly  with  acids,  a  very  dmple  method  may 

by  the  quantify  be  adopted  for  attaining  the  quantity  of  carbonate  of  lime 
of  cai  borne  acid.  .  ~  .  ,  J  1111  » 

and  one  lufhciently  accurate  in  all  common  cafes. 

Carbonate  of  lime,  in  all  its  dates,  contains  a  determinate 
proportion  of  carbonic  acid,  i.  e.  about  45  per  cent,  fo  that 
when  the  quantity  of  this  elaflic  duid,  given  out  by  any  foil 
during  the  folution  of  its  calcareous  matter  in  an  acid  is  known, 
either  in  weight  or  meafure,  the  quantity  of  carbonate  oflimc 
may  be  eadly  difcovered. 


A  nen  the  procefs  by  diminution  of  weight  is  employed,  two 
parts  of  the  acid  and  one  part  of  the  matter  of  the  foil  muft 
be  weighed  in  two  feparale  bottles,  and  very  dowly  mixed 
together  till  the  effervefcence  ceafes ;  the  difference  between 
their  weight  before  and  after  the  experiment,  denotes  the 
quantity  of  carbonic  acid  loft  ;  for  every  four  grains  and  a  half 
of  which,  ten  grains  of  carbonate  of  lime  mud  be  eftimated. 

The  bed  method  of  colletting  the  carbonic  acid,  fo  as  to 
did  over  its  volume,  is  by  the  pneumatic  apparatus,  the  con-  ^ 
flrutfion  and  application  of  which  is  defcribed  at  the  end  of 
this  paper.  The  edimation  is,  for  every  ounce  meafure  of 
carbonic  acid,  two  grains  of  carbonate  of  lime. 
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X.  Mode  of  afcertaining  the  Quantity  of  irfoluble  finely  divided 
Animal  and  Vegetable  Matter, 

After  the  fine  matter  of  the  foil  has  been  a6ted  upon  by  Ignition  in  aa 
muriatic  acid,  the  next  procefs  is  to  afcertain  the  quantity  of  ^eftroys  vege- 

finely  divided  infoluble  animal  and  vegetable  matter  that  it  table  and  animal 

.  matters, 

contains.  ’  • 

This  may  be  done  with  fufficient  preeifion,  by  heating  it  to 

ftrong  ignition  in  a  crucible  over  a  common  fire  till  no  black- 

nefs  remains  in  the  mafs.  It  fhould  be  often  flirred  with  a 

metallic  wire,  fo  as  to  expole  new  surfaces  continually  to  the 

air;  the  lofs  of  weight  that  it  undergoes  denotes  the  quantity 

of  the  fubflance  that  it  contains  deftru&ible  by  fire  and  air. 

It  is  not  poffible  to  afcertain  whether  this  fubftance  is  wholly 

animal  or  vegetable  matter,  or  a  mixture  of  both.  When  the 

fmell  emitted  during  the  incineration  is  fimilar  to  that  of  burnt  The  fmell  fhew? 

0  .  „  whether  it  be 

feathers,  it  is  a  certain  indication  ot  Iome  animal  matter ;  an-imai  m.  vege. 
and  a  copious  blue  flame  at  the  time  of  ignition,  almoft  always  table, 
denotes  a  confiderable  proportion  of  vegetable  matter.  In 
cafes  when  the  experiment  is  needed  to  be  very  quickly  per¬ 
formed,  the  deflruclion  of  the  decompofible  fubflances  may 
be  allifted  by  the  agency  of  nitrate  of  ammoniac,  which  at  the 
time  of  ignition  may  be  thrown  gradually  upon  the  heated 
mat’s  in  the  quantity  of  twenty  grains  for  every  hundred  of 
refidual  foil.  It  affords  the  principle  neceflary  to  the  combuf- 
tion  of  the  animal  and  vegetable  matter,  which  it  caufes  to  be 
converted  into  elaftic  fluids ;  and  it  is  itfel-f  at  the  lame  time 
decora pofed  and  loft. 


XI.  Mode  of  feparating  aluminous  and  Jilicious  Matter 

and  Oxide  of  Iron. 

The  fubflances  remaining  after  the  decompofition  of  the  T.^e 

°  .  filex,  alumine 

vegetable  and  animal  matter,  are  generally  minute  particles  and  oxide  of 
pf  earthy  matter,  containing  ufually  alumine  and  filex  with  *ron  %aratecl* 
combined  oxide  of  iron. 

To  feparate  thefe  from  each  other,  the  folid  matter  fhould 
be  boiled  for  two  or  three  hours  with  fulphuric  acid,  diluted 
wiih  four  times  its  weight  of  water;  the  quantity  of  the 
acid  fhould  be  regulated  by  the  quantity  of  folid  refiduum  Dibite^fiilphunc 
to  be  a61ed  on,  allowing  for  every  hundred  grains  two  drachms  two  C 

or  one  hundred  and  twenty  grains  of  acid. 
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The  fubllance  remaining  after  the  a#ion  of  the  acid,  may 
be  con  fide  red  as  filieious;  and  it  mull  be  feparated  and  its 
weight  afeertained,  after  wafhing  and  drying  in  the  ufual 
manner, 

*  ♦  *  •  *  ■  »  k  ^ 

Carbonate  of  Ihealamine  and  the  oxide  of  iron,  if  they  exift,  are  both 

down° the jdu-" 5 ^ ^ v e ^  ky  ^ie  fulphuric  acid;  they  may  be  feparated  by 
mine,  carbonate  of  ammoniac,  added  to  excefs;  it  throws  down  the 

alumine,  and  leaves  the  oxide  of  iron  in  folution,  and  /this 
fubttance  may  be  feparated  from  the  liquid  by  boiling. 

Should  any  magnefia  and  lime  have  efcaped  folution  in  the 
muriatic  acid,  they  will  be  found  in  the  lulphuric  acid  ;  this, 
however,  is  fcarcely  ever  the  cale;  but  the  procefs  for 
*  detecting  them  and  afcerlaining  their  quantities,  is  the  fame 
in  both  infiances. 

More  accurate  The  method  of  analyfis  by  fulphuric  acid,  is  fufiiciently 
fuocefs.  precife  lor  all  ufual  experiments ;  but  it  very  great  accuracy 

be  an  object,  dry  carbonate  of  potafh  mufi  be  employed  as 
the  agent,  and  the  refiduum  of  the  incineration  mufi  be  heated 
red  for  half  an  hour,  with  four  times  its  weight  of  this  tub* 
fiance,  in  a  crucible  of  filver,  or  of  well  baked  porcelain. 
J  he  mafs  obtained  mufi  be  dilfolved  in  muriatic  acid,  and  the 
folution  evaporated  till  it  is  nearly  folid ;  diftilled  water  mufi: 
then  be  added,  by  which  the  oxide  of  iron  and  all  the  earths, 
except  filex,  will  be  dilfolved  in  combination  as  muriates. 
The  filex,  after  the  ufual  procefs  of  lixiviation,  mufi  be  heated 
ied ;  the  other  fubfiances  may  be  feparated  in  the  fame 
manner  as  from  the  muriatic  and  fulphuric  folutions. 

I  his  procefs  is  the  one  ufually  employed  by  chemical  phi** 
lofophers  for  the  analyfis  of  fiones. 


XII.  Mode  of  difcovering  foluhle  Animal  and  Vegetable 
Matter ,  and  Saline  Matter . 

# 

Matter?  folublc  If  any  faline  matter,  or  foluble  vegetable  or  animal  matter, 
fs  fulpe&ed  in  the  foil,  it  will  be  found  in  the  water  of  lixivia¬ 
tion  ufed  for  feparaling  the  fand. 

1  his  water  mufi  be  evaporated  to  drynefs  in  an  appropriate 
difii,  at  a  heat  below  its  boiling  point. 

It  the  folid  matter  obtained  is  of  a  brown  colour  and  inflam¬ 
mable,  it  may  be  confidered  as  partly  vegetable  extra#.  If 
its  fmell,  when  expefed  to  heat,  be  firong  and  fetid,  it 
contains  animal  mucilaginous  or  gelatinous  fubfiance ;  if  it  be 

while 
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while  and  tranfparent,  it  may  be  confidered  as  principally 
faline  matter.  Nitrate  of  potafli  (nitre)  or  nitrate  ot  lime, 
is  indicated  in  this  faline  matter,  by  its  fcintiUating  with  a 
burning  coal.  Sulphate  of  magnefia  may  be  deleted  by  its 
bitter  talle;  and  fulphate  of  poiath  produces  no  alteration  in 
folution  of  carbonate  of  ammoniac,  but  precipitates  lolutiou 
of  muriate  of  barytes. 

XIII.  Mode  of  detecting  Sulphate  of  Lime  (Gypfum)  and 
Phofphate  of  Lime  in  Soils. 

Should  fulphate  of  phofphate  of  lime  be  fufpedted  in  the  Sulphate  of 
entire  foil,  the  detection  of  them  requires  a  particular  procefs  im ”* 
upon  it.  A  given  weight  of  it,  for  infiance  four  hundred 
grains,  mutt  be  heated  red  for  half  an  hour  in  a  crucible, 
mixed  with  one-third  of  powdered  charcoal.  The  mixture 
mu  ft  be  boiled  for  a  quarter  of  an  hour,  in  a  half  pint  of 
water,  and  the  fluid  collected  through  the  filler,  and  expofed 
for  fome  days  to  the  atmofphere  in  an  open  veffel.  It  any 
foluble  quantity  of  fulphate  of  lime  (gypfum)  exifted  in  the 
foil,  a  white  precipitate  will  gradually  form  in  the  fluid,  and 
the  weight  of  it  will  indicate  the  proportion. 

Phofphate  of  lime,  if  any  exift,  may  be  feparatecl  from  the  Phofphate  of 
foil  after  the  procefs  for  gyplbm.  Muriatic  acid  muft  belirne<1 
digefted  upon  the  foil,  in  quantity  more  than  fufficient  to 
faturate  the  foluble  earths ;  the  folution  muft  be  evaporated, 
and  water  poured  upon  the  folid  matter.  This  fluid  will  dif- 
folve  the  compounds  of  earths  with  the  muriatic  acid,  and 
leave  the  phofphate  of  lime  untouched. 

It  would  not  fall  within  the  limits  affigned  to  this  paper,  to 
detail  any  precedes  for  the  detection  of  fubflances  which  may¬ 
be  accidentally  mixed  w'ith  the  matters  of  loils.  Manganefo 
is  now  and  then  found  in  them,  and  compounds  of  the  barytic 
earth  ;  but  thefe  bodies  appear  to  bear  little  relation  to  fertility 
or  barrennefs,  and  thefearchfor  them  would  make  the  analyfis 

auuch  more  complicated  w'ithout  rendering  it  more  ufeful, 

<  '  » 

XIV.  Statement  of  Refults  and  Produfts, 

When  the  examination  of  a  foil  is  compleated,  the  produ6ls  Produ&s  ftatei. 
fhould  be  clafled,  and  (heir  quantities  added  together,  and  if 
they  nearly  equal  the  original  quantity  of  foil,  the  analyfis 
may  be  confidered  as  accurate.  It  mu fl,  however,  be  noticed, 

3  that 
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lliat  when  phofphate  or  fulphate  of  lime  are  difcovered  by  the 
independent  procefs  XIII.  a  correction  mud  be  made  for  the 
general  procefs,  by  lubtraCling  a  lum  equal  to  their  weight 
from  the  quantity  ot  carbonate  of  lime,  obtained  by  precipi¬ 
tation  from  the  muriatic  acid. 

In  arranging  the  products,  the  form  fhould  be  in  the  order 
of  the  experiments  by  which  they  were  obtained. 

I  hus  400  grains  of  a  good  filicious  fandy  foil  may  be  fup- 
pofed  to  contain 

Grain*. 

Of  water  of  abforption  .  .  .  .  ]g 

Of  loofe  Hones  and  gravel  principally  filicious  -  42 

Of  undecompounded  vegetable  fibres  -  -  10 

Of  fine  filicious  fand  -  200 

Of  minutely  divided  matter  feparated  by  filtration 
and  confiding  of 

Carbonate  of  lime  -  -  -  25 

Carbonate  of  magnefia  -  4 

flatter  dedruCtible  by  heat,  principally  ve¬ 
getable  -  -  -  10 

Silex  -  .  .  -  -  40 

-Alumine  -  -  -  -  32 

Oxide  of  iron  -  -  _  -  4 

Soluble  matter,  principally  fulphate  of  pol- 
afli  and  vegetable  extract  5 

Gypfum  -  .  .  -  3 

Phofphate  of  lime  -  -  -  2 

- 125 

Amount  of  al!  the  products  395 

Lofs  5 

In  this  indance  the  lofs  is  fuppofed  fmall ;  but  in  general,  in 
adtual  experiments,  it  will  be  found  much  greater,  in  con- 
fequence  of  the  difficulty  of  collecting  the  whole  quantities  of 
the  different  precipitates;  and  when  it  is  within  thirty  for 
four  hundred  grains,  there  is  no  reafon  to  fufpeCt  any  want  of 
^lue  precifion  in  the  proceffes. 

X\  .  This  general  Method  qf  Aiuilyjis  may  in  many  Caj'es 

be  much  Jvnplifitd. 

When  the  experimenter  is  become  acquainted  with  the  ufe 
of  the  different  indruments,  the  properties  of  the  reagents, 

and 


Simplification* 
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and  the  relations  between  the  external  and  chemical  qualities 
of  foils,  he  will  feldom  find  it  neceffary  to  perform,  in  any 
one  cafe,  all  the  proceffes  that  have  been  defcribed.  When 
his  foil,  for  infiance,  contains  no  notable  proportion  ol  cal¬ 
careous  matter,  the  adlion  of  the  muriatic  acid  IX.  may  be 
omitted.  In  examining  peat  foils,  he  will  principally  have  to 
attend  to  the  operation  by  fire  and  air  X.  ;  and  in  the  analyfis 
of  chalks  and  loams,  he  will  often  be  able  to  omit  the  ex¬ 
periment  by  fulphuric  acid  XI. 

In  the  firft  trials  that  are  made  by  perfons  unacquainted 
with  chemifiry,  they  muft  not  expe6t  much  precifion  of  relult. 

Many  difficulties  will  be  met  with ;  but  in  overcoming  them, 
the  mofi  ufeful  kind  of  practical  knowledge  will  be  obtained  ; 
and  nothing  is  fo  infirudlive  in  experimental  fcience,  as  the 
detection  of  miftakes.  The  correct  analyfi  ought  to  be  well 
grounded  in  chemical  information  ;  but  perhaps  there  is  no 
better  mode  of  gaining  it,  than  that  of  attempting  original 
invefiigations.  In  purfuing  his  experiments,  he  will  be  con¬ 
tinually  obliged  to  learn  from  books,  the  hifiory  of  the  fub- 
fiances  he  is  employing  or  acting  upon  ;  and  his  theoretical 
ideas  will  be  more  valuable  in  being  connected  with  practical 
operation,  and  acquired  for  the  purpofe  of  difcovery, 

XVI.  On  the  Improvement  of  Soils,  as  connected  with  the 
Principle  of  their  Compofition .  \ 

In  cafes  when  a  barren  foil  is  examined  with  a  view  to  its  Improvement  of 

lands  trom  trie 

improvement,  it  ought  in  all  cafes,  if  poffible,  to  be  compared  known  com- 

with  an  extremely  fertile  foil  in  the  lame  neighbourhood,  and  pofition  of  fer- 

.  •  ,  r  tile  or  ftenle 

in  a  fimilar  fituation  :  the  difference  given  by  their  analytes 

would  indicate  the  methods  of  cultivation  ;  and  thus  the  plan 

of  improvement  would  be  founded  upon  accurate  fcientific 

principles. 

If  the  fertile  foil  contained  a  large  quantity  of  fand,  in  pro¬ 
portion  to  the  barren  foil,  the  procefs  of  amelioration  would 
depend  fimply  upon  a  fupply  of  this  fubftance  ;  and  the  method 
would  be  equally  fimple  with  regard  to  foils  deficient  in  clay 
or  calcareous  matter. 

In  the  application  of  clay,  fand,  loam,  marie,  or  chalk  to 
lands,  there  are  no  particular  chemical  principles  to  be  o!> 
ferved ;  but  when  quick  lime  is  ufed,  great  care  mufi  be  taken 
ihat  it  is  not  obtained  from  the  magnefian  limefione  ;  for  in 

this 
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this  cafe,  as  has  been  fliewn  by  Mr.  Tennant,  it  is  exceeding-* 
ly  injurious  to  land  *.  The  magnefian  limeftone  may  be 
diftinguifiied  from  the  common  limeftone  by  its  greater  hard- 
nefs,  and  by  the  length  of  time  that  it  requires  for  its  folu- 
tion  in  acids,  and  it  may  be  analyled  by  the  piocefa  for  carbo¬ 
nate  of  lime  and  magnefia  IX. 

When  the  analytical  comparifon  indicates  an  excefs  of  vege¬ 
table  matter,  as  the  caufe  of  fterilhy,  it  may  be  deftroyed 
by  much  pulverization  and  expofure  to  air,  by  paring  and 
burning,  or  the  agency  of  lately  made  quicklime.  And  the 
deleft  of  animal  and  vegetable  matter  muft  be  lupplied  by 
animal  or  vegetable  manure. 


XVII.  Sterile  Soils  in  different  Climates  and  Situations  muff 

differ  in  Cowpnjition. 

Different  cli-  The  general  indications  of  fertility  and  barrennefs,  as  found 
cumftana?1  chemical  experiments,  muft  necelfarily  differ  in  different 
require  differentclimates,  and  under  different  circumftances.  The  power  of 
recue  toils  ^  to  abforb  moifture,  a  principle  effential  to  their  produftive- 
neis,  ought  to  be  much  greater  in  warm  and  dry  countries, 
than  in  cold  and  moift  ones;  and  the  quantity  of  fine  aluminous 
earth  they  contain  larger.  Soils  likewile  that  are  fituated 
on  declivities,  ought  to  be  more  ablorbent  than  thofe  in  the 
lame  climate  on  plains  or  in  valleys  f.  The  produftivenefs  of 
toils  muft  likewife  be  influenced  by  the  nature  of  the  fubfoil, 
or  the  earthy  or  ftony  ftrata  on  which  they  reft  $  and  this  cir- 
cumftance  ought  to  be  particularly  attended  to,  in  confidering 
their  chemical  nature,  and  the  f)ftem  of  improvement.  Thus 
a  fandy  foil  may  fometimes  owe  its  fertility  to  the  power  of 
the  fubfoil  to  retain  water ;  and  an  ablorbent  clayey  foil  may 
occafionally  be  prevented  from  being  barren,  in  a  moift  climate, 
by  the  influence  of  a  fubftratum  of  fand  or  gravel. 


XVIII.  Of  the  chemical  Compn/ition  of  fertile  Corn  Soils  in  the 

Climate . 

Aftml  compo/i-  Thofe  foils  that  are  moft  productive  of  corn,  contain  always 
certain  proportions  of  aluminous  and  calcareous  earth  in  a 
finely  divided  ftate,  and  a  certain  quantity  of  vegetable  or 
animal  matter. 


tivin  of  tome 
Jertile  foils. 


*  Phil.  Tranfa&ions  for  1790,  p.  305.  This  limeftone  is  found 
abundantly  in  Yorkfhire,  Deibythire,  and  Som.rfetfhire. 

•f  Kuwait.  Tranf,  Irifli  Academy,  Vol.  V.  p.  175. 
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The  quantity  of  calcareous  earth  is  however  very  various, 
arid  in  fome  cafes  exceedingly  fmall.  A  very  fertile  corn  foil 
from  Ormifton  in  Faff  Lothian  afforded  me  in  an  hundred 
parts,  only  eleven  parts  of  mild  calcareous  earth  ;  it  con¬ 
tained  twenty-five  parts  of  filicious  fand  ;  the  finely  divided 
clay  amounted  to  forty-five  parts.  It  loft  nine  in  decompofed 
animal  and  vegetable  matter,  and  four  in  water,  and  afforded 
indications  of  a  imall  quantity  of  phofphate  of  lime. 

Th  is  foil  was  oi  a  very  fine  texture,  and  contained  very  few 
(tones  or  vegetable  fibres.  It  is- not  unlikely  that  its  fertility 
was  in  fome  meafure  connected  with  the  phofphate;  for  this 
fubftance  is  found  in  wheat,  oats,  and  barley,  and  may  be  a 
part  of  their  food. 

A  foil  from  the  low  lands  of  Somerfetfhire,  celebrated  for 
producing  excellent  crops  of  wheat  and  beans  without  manure, 

I  found  to  confift  of  one-ninth  of  fand,  chiefly  filicious,  and 
eight-ninths  ot  calcareous  marie  tinged  with  iron,  and  contain¬ 
ing  about  five  parts  in  the  hundred  of  vegetable  matter.  I 
could  not  detedt  in  it  any  phofphate  or  fulphate  of  lime,  fo 
that  its  fertility  muff  have  depended  principally  upon  its 
power  of  attracting  principles  of  vegetable  nourifhment  from 
water  and  the  atmofphere  *. 

Mr.  Tillet,  in  fome  experiments  made  on  the  compofition 
of  foils  at  Paris,  found  that  a  foil  compofed  of  three-eighths 
of  clay,  two-eighths  of  river  fand,  and  three-eighths  of  the 
parings  of  limeffone,  was  very  proper  for  wheat. 

XIX.  Of  the  Compofition  of  Soils  proper  for  bulbous  Roots 

and  for  Trees. 

\  + 

In  general,  bulbous  roots  require  a  foil  much  more  fandy,  Soils  proper  for 
and  lefs  a  b  for  bent  than  the  graffes.  A  very  good  potatoe  foil,  bu!bous  rooCi 
from  Varfel  in  Cornwall,  afforded  me  feven-eighth's  of  filicious  "  U~e** 
fand  ;  and  its  abforbent  power  was  fo  fmall,  that  one  hundred 
parts  loft  only  two  by  drying  at  400  Fahrenheit. 

Plants  and  trees,  the  roots  of  which  are  fibrous  and  hard, 
and  capable  of  penetrating  deep  into  the  earth,  will  vegetate 
to  advantage  in  almoff  all  common  foils,  which  are  moderately 
dry,  and  which. do  not  contain  a  very  great  excels  of  vege¬ 
table  matter. 

*  This  foil  was  fent  to  me  by  T.  Poole,  Efq.  of  Nether  Stowey. 

It  is  near  the  opening  of  the  river  Parret  into  the  Bririfli  Channel ; 
but,  I  am  told,  is  never  overflowed. 


I  found 
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I  found  (he  foil  taken  from  a  field  at  Sheffield-place  in  Suflex, 
remarkable  for .  producing  flourifhing  oaks,  to  confift  of  fix 
parts  of  (and,  and  one  part  of  clay  and  finely  divided  matter* 
And  one  hundred  parts  of  the  entire  foil  fubmilted  to  analytic, 
produced 

Parts, 

Water  -  -  -  *  -  —  3 

Silex  -  54 

Alumine  -  .  -  -  -  28 

Carbonate  of  lime  -  3 

Oxide  of  iron  ....  5 

_ 

Decompofing  vegetable  matter  -  4 

Lofs  3 

XX.  Advantages  of  Improvements  made  by  changing  the  Com- 
pojition  of  the  earthy  Parts  of  Soils. 

Soils  rendered  from  the  great  difference  of  the  caufes  that  influence  the 
ing  the  compol-  Pr°du£Iivenefs  of  lands,  it  is  obvious  that  in  the  prefent  flate 
tion  of  the  of  fcience,  no  certain  fyftem  can  be  devifed  from  their  im- 

aiYmonTpcr-  Proveme«C  independent  of  experiment;  but  there  are  few 

manrnt  than  cafes  in  which  the  labour  of  analytical  trials  will  not  be  amply 

manured  toils,  repaid  by  the  certainty  with  which  they  denote  the  belt 

methods  of  amelioration  ;  and  this  will  particularly  happen, 
when  the  defect  of  compofition  is  found  in  the  proportions  of 
the  primitive  earths. 

In  Supplying  animal  or  vegetable  manure,  a  temporary  food 
only  is  provided  for  plants,  which  is  in  all  cafes  exhaufled  by 
means  of  a  certain  number  of  crops ;  but  when  a  foil  is  render¬ 
ed  of  the  beft  poflible  confiitulion  and  texture,  w'ith  regard 
to  its  earthyr  parts,  its  fertility  may  be  confidered  as  per¬ 
manently  eflablifhed.  It  becomes  capable  of  attracting  a  very 
large  portion  of  vegetable  nouriftiment  from  the  atmofphere, 

and  of  producing  its  crops  with  comparatively  little  labour  and 
expence. 


Defcription  of  the  Apparatus  for  the  Analyfs  of  Soils , 

Ap^ratusfor  A.  Retort. 

experiments. 

.p,.  B.  Funnels  for  the  purpofe  of  filtrating. 

D.  Balance. 

E.  Argandfs  lamp. 

F.  G,  H,  K.  The  different  parts  of  the  apparatus  required 
for  mealuring  the  quantity  of  claftic  fluid  given  out  during^ 

the 
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the  a6tion  of  an  acid  on  calcareous  foils,  I.  Reprefents  the 
bottle  for  containing  the  foil.  K.  The  bottle  containing  the 
acid  furnithed  with  a  ftopcock.  G.  The  tube  connected  with 
a  flaccid  bladder.  I.  The  graduated  meafure.  H.  The  bottle 
for  containing  the  bladder.  When  this  inftrument  is  uled,  a 
given  quantity  of  foil  is  introduced  into  F ;  K  is  filled  with 
muriatic  acid  diluted  with  an  equal  quantity  of  water;  and 
the  flop-cock  being  clofed  is  connected  with  the  upper  orifice 
of  F,  whieh  is  ground  to  receive  it.  The  tube  G  is  introduc¬ 
ed  into  the  lower  orifice  of  F,  and  the  bladder  connected  with 
it  placed  in  its  flaccid  flate  into  H,  which  is  filled  with  water. 
The  graduated  inealure  is  placed  under  the  tube  of  H.  W  hen 
the  flop-cock  of  K  is  turned,  the  acid  flows  into  F ,  and  acts 
upon  the  foil;  the  elaflic  fluid  generated  palles  through  G 
into  the  bladder,  and  difplaces  a  quantity  of  water  in  H  equal 
to  it  in  bulk,  and  this  water  flows  through  the  tube  into  the 
graduated  meafure;  the  water  in  which  gives  by  its  volume 
the  indication  of  the  proportion  of  carbonic  acid  difengaged 
from  the  foil  ;  for  every  ounce  mealureof  which  two  grains  of 
carbonate  of  lime  may  be  eftimated. 

L.  Reprefents  the  fland  for  the  lamp. 

M,  N,  O,  P,  Q,  R,  S.  Reprefent  the  bottles  containing  the 
different  reagents. 


IV. 

Difcovery  of  a  new  Vegetable  Subjlancef  by  Mr.  Rose  *. 

A.  CONCENTRATED  decoction  of  the  root  of  elecam-  Decoftion  of 
pane,  inula  hclenium,  alter  flanding  fome  hours,  depolits  a  dl^ofTtsTpow^* 
white  powder,  appearing  at  firfl  fight  much  like  ftarch,  but  der  refembling 
differing  from  it  both  in  its  principles  and  in  its  manner  of  ^larcil* 
comporting  itfelf  with  other  fubftances. 

1.  This  fubflance  is  generally  infoluble  in  cold  water,  it  is  infolubte  in 
Being  triturated  with  it  a  white  milky  liquor  is  formed,  which  colc*  water* 
foon  depofits  a  heavy  w'hite  powder,  and  leaves  the  fuper- 

natant  water  clear  and  limpid. 

2.  It  diffolves  very  well  in  boiling  water.  On  heating  to  Soluble  in  boH- 
ebullition  one  part  of  the  white  powder,  with  four  parts  of  * 

*  From  Gelilen’s  Journal  for  1804,  Vol.  III.  p.  217. 

Vol.  Xif. — October.  H  water. 
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But  much  Tub- 
Tides  on  cooling. 


Differs  from 
folution  of  gum- 
arabic. 


Alcohol  fepa- 
rates  it  from 
water, 

does  not  gum- 
arabic. 


Melts,  emits  a 
thick  fmoke, 
and  leaves  little 
refiduum. 

Thus  differs 
from  ftarch, 

and  from  gum. 

On  red  hot  iron 
burns. 


Starch. 

Cum. 


Dry  diflillation 
produces  an  acid, 
but  no  oil. 


NitriH  acid  pro¬ 
duces  malic, 
oxalic,  and  in 
excefs  acetic. 
Gum  the  fac- 
cholattic  acid, 
btarch  fat. 


water,  a  complete  folution  is  obtained,  which  pafles  through 
filtering  paper  while  hot,  but  on  cooling  acquires  a  mucila¬ 
ginous  confidence  and  a  dull  colour.  In  the  courfe  of  fome 
hours  this  folution  depofits  the  greater  part  of  the  fubftance 
difiolved  in  the  form  of  a  compact  white  powder. 

A  folution  of  one  part  of  gum  arabic,  in  four  parts  of 
water  is  much  thicker,  of  a  more  tenacious  confidence,  and 
froths  lightly,  which  the  folution  of  the  powder  from  the 
elecampane  root  does  not. 

3.  On  mixing  the  folution  of  the  white  powder  with  an 
equal  quantity  of  alcohol,  the  mixture  is  at  fird  clear,  but  in 
a  little  time  the  powder  feparates  in  the  form  of  a  tumid  white 
fediment,  leaving  the  fluid  above  it  tranfpareot.  A  folution 
of  gum-arabic  on  the  addition  of  alcohol  becomes  immediately 
milky,  and  long  retains  this  appearance,  no  kind  of  powder 
feparating  even  in  feveral  days. 

4.  When  thrown  on  burning  coals,  the  white  powder  melts 
like  fugar  and  evaporates,  diffufing  a  white,  thick,  pungent 
fmoke,  with  a  fmell  of  burnt  fugar.  After  this  combuflion  a 
light  refiduum  only  remairis,  which  runs  into  the  coal.  Starch 
emits  a  fimilar  fmoke,  but  does  not  melt,  and  leaves  a  coally 
refiduum  much  greater  in  quantity.  Gum-arabic  under  the 
fame  circumfiances  gives  out  fcarcely  any  fmoke. 

Heated  in  an  iron  fpoon  over  charcoal  the  powder  firft 
melts,  and  emits  the  fmoke  above  deferibed.  As  foon  as  the 
fpoon  becomes  red  hot,  it  burns  with  a  vivid  light  flame,  and 
leaves  a  very  trifling  coally  refiduum.  Starch  under  the  fame 
circumfiances  doe^  not  melt,  is  much  longer  before  it  burns, 
and  leaves  a  con (iderable  refiduum  of  coally  matter.  Gum- 
arabic  only  fparkles,  does  not  take  fire,  and  leaves  a  great 
deal  of  coal,  which  is  readily  convertible  into  grayifli  afiies. 

5.  By  dry  diflillation  we  obtain  from  this  powder  of  the 
elecampane  root  a  brown  empyreumatic  acid,  having  the 
fmell  of  pyroxalic  acid,  but  not  an  atom  of  empyreumatic 
oil. 

6.  The  nitric  acid  transforms  the  powder  only  into  malic 
acid  and  oxalic  acid,  and  when  ufed  in  great  excefs  into 
acetic  acid  :  but  wre  do  not  obtain  an  aiom  of  the  faccholadtic 
acid,  which  gum-arabic  treated  in  the  fame  manner  furnithes 
fo  abundantly  ;  or  of  the  fatty  matter  which  is  generated  by 
the  a&ion  of  nitric  acid  on  flarch. 
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From  all  thefe  phenomena  it  follows,  that  this  farinaceous  Hence  of  a 
powder  extracted  from  elecampane  root,  is  neither  ffareh  nor 
gum,  but  a  peculiar  vegetable  fub fiance  holding  a  middle  and  probably 
rank,  between  the  two.  It  is  probable,  that  it  exifis  in  many  ex:  's  ot^eT 

r  .  j  vegetables, 

other  vegetables,  and  that  leveral  products  hitherto  conndered 
as  fiarch  are  of  the  fame  nature  as  this  farina. 


y. 


New  Galvanic  Difcoveries  by  Mr.  Ritter,  extradtedfrom  a 
Letter  from  Mr.  Christ.  Bernoulli  *. 

I  HERE  tranfmit  you  the  information  you  requeued  re- 
fpedling  the  late  experiments  of  Mr.  Ritter,  to  which  I  fub- 
join  fome  account  of  that  gentleman. 

1.  Charging  of  a  Louis  d’Gr  by  the  Pile. 

The  pile  with  which  Mr.  Ritter  ufually  makes  his  experi¬ 
ments  confifls  of  a  hundred  pairs  of  metallic  plates,  two  inches 
in  diameter.  The  pieces  of  zinc  have  a  rim  to  prevent  the 
liquid  prefied  out  from  flowing  away.  The  apparatus  is  always 
inlulated  by  feveral  plates  of  glafs. 

As  Mr.  Ritter  at  prefent  refides  in  a  village  near  Jene,  I 
have  not  been  able  to  fee  his  experiments  with  his  grand 
battery  of  two  thoufand  pieces,  or  with  his  battery  of  fifty 
pieces,  each  thirty-fix  inches  fquare,  the  adlion  of  which  con¬ 
tinues  very  perceptible  for  a  fortnight.  Neither  have  I  feen 
his  experiments  with  the  new  battery  of  his  invention,  con¬ 
fiding  of  a  fingle  metal,  and  which  he  calls  the  charging 
pile. 

I  have  frequently  however,  feen  him  galvanife  louis  d’or 
lent  him  by  perfons  prefent.  To  effedl  this,  he  places  the 
louis  between  two  pieces  of  pafleboard  thoroughly  wetted, 
and  keeps  it  fix  or  eight  minutes  in  the  chain  of  circulation 
connected  with  the  pile.  Thus  the  louis  becomes  charged, 
without  being  immediately  in  contact  with  the  conducing 
wires.  If  this  louis  be  applied  afterward  to  the  crural  nerves 
of  a  frog  recently  prepared,  the  ufual  contradtions  will  be 

#  Tran  flated  from  the  "Journal  de  Chunie  and  d*  Phyjique  of  Van 
Mons,  No.  17,  p.  133,  March,  1805. 
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Mr.  Pvitter’* 
common  pile. 


His  grand 
battery, 
large  battery* 


and  charging 
pile. 

Louis  d’or 
charged  by 
being  kept  in 
the  galvanic 
circuit, 


excites  contrac¬ 
tions. 


excited. 
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as  it  does  not 
lofe  its  charge 
for  fome 
minutes. 
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diftinsuiflied  ^  CXC,le^’  *  ^  Put  a  fi)u*s  thus  galvanifed  into  my  pocket, 
among  others,  anc^  ^r*  Ritter  faid  to  me  a  few  minutes  after,  that  I  might 
find  out  this  louis  from  among  the  reft,  by  trying  them  in 
lucceflion  upon  the  frog.  Accordingly  I  made  the  trial,  and 
in  reality  di ft inguifhed  among  feveral  others  a  fingle  one,  in 
which  the  exciting  quality  was  very  evident.  This  charge  is 
retained  in  proportion  to  the  time  that  the  piece  has  remained 
in  the  circuit  of  the  pile.  Of  three  different  louis  which  Mr. 
Ritter  charged  in  my  prefence,  neither  loft  its  charge  in  lefo 
than  live  minutes.  AM  thefe  experiments  fucceeded  com¬ 
pletely,  and  nothing  feemed  fo  eafy  as  to  repeat  them. 

I  his  retention  of  the  galvanic  charge  by  a  metal  in  confaft 
with  the  hand,  and  with  other  metals,  fhews  this  communica¬ 
tion  of  the  galvanic  virtue  to  have  more  affinity  with  mag- 

than  with  eleftricity,  and  aftigns  to  the  galvanic  fluid 
eledhic,  it  holds  an  intermediate  rank  between  the  other  two. 

Sevira!epicc«  In  the  manner  which  1  ‘>^e  juft  defcribed,  Mr.  Ritter  can 
may  be  charged  charge  at  once  as  many  pieces  as  he  wifties.  It  is  fufficient 


This  Ihows  the 
affinity  of  the 
galvanic  with 
the  magnetic 
fluid,  between 
which  and  the 


at  once. 


Ritterian  pile. 

Metals  thus 
charged  acquire 
polarity. 


if  the  tv\o  extreme  pieces  of  the  number  communicate  with 
the  pile  through  (he  intervention  of  wet  pafteboards.  It  is 
vwth  metallic  diics  charged  in  this  manner,  and  placed  upon 
one  another  with  pieces  of  wet  pafteboard  alternately  inter- 
poled,  mat  Mr.  Ritter  conftrucfs  his  charging  pile,  which 
ought  in  remembrance  of  its  inventor  to  be  called  the  Ritterian 
pile.  The  conftruclion  of  this  pile  (hows,  (hat  each  metal 
galvanifed  in  this  way  acquires  polarity,  as  the  needle  does 
when  touched  with  a  magnet.  Though  I  have  had  no  op¬ 
portunity  of  feeing  this  new  pile,  I  have  convinced  myfelf  of 
'die  reality  ol  the  phenomenon  by  an  experiment  of  the  higheft 
importance  to  fcience,  and  for  the  invention  of  which  we  are 
equally  indebted  to  the  fame  ingenious  phdofopher. 

2.  Different  Excitability  of  the  Parts  of  Animals. 

?abnitynofethCe‘  DurinS  the  courfe  feveral  years  in  which  Mr.  Ritter  has 
parts  of  animals.  employed  in  galvanic  purfuits,  and  during  which  he  has 
made  many  thou fands  oi  experiments  on  the  excitation  pro¬ 
duced  in  the  Irog  by  the  contact  of  two  different  metals, 
for  Mr,  Ritter  has  not  entirely  abandoned  the  original  mode  of 
gal  van i ling,  like  raoft  other  experimentalifts,  w  ho  employ 
Volta’s  pile  excluftvely ;  he  had  perceived  not  only  a  very 
linking  difference  in  the  excitability  of  the  different  parts  of 

animals, 
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animals,  but  alfo  a  difference  of'  excitement  between  the 
extenfor  and  flexor  mufcles,  according  as  the  pofitive  or  nega¬ 
tive  pole  was  applied  to  them,  or  as  they  were  acted  upon 
the  inftant  after  the  metals  were  brought  into  contact  or 
feparated  from  each  other. 

When  the  excitability  is  at  its  higheft  point  of  energy,  as  in  When  the^xcl. 
very  young  frogs  the  moment  after  they  are  prepared,  or  in  animal  is 
adult  frogs  during  the  coupling  feafon,  the  flexors  alone  con-  greateft,  the 
tract,  and  in  particular  the  flexor  mufcles  of  that  thigh  to  bv  p0fltjve 
which  the  filver  or  negative  metal  is  applied,  contract  at  thevamfm*. 
inftant  when  the  metals  come  into  contact,  while  thole  of  the 
thigh  to  which  the  zinc  or  pofitive  metal  is  applied,  contract 
at  the  inftant  of  their  reparation. 

Theoppofite  effedfs  are  obfervable  in  frogs,  the  excitability  when  it  is  foweft 
of  which  is  on  the  point  of  being  extinguifned,  (witter  s  hfth  cotltrj(^  by- 
degree.)  In  this  cafe  the  extenfors  only  contract,  and  the  negative, 
flexors  remain  abfoiutely  motionlels.  At  the  moment  of 
contadt  of  the  metals  the  mufcles  on  the  zinc  fide  alone  are 
thrown  into  adtion,  and  at  the  morpent  of  reparation  thofe  on 
the  filver  fide. 

Mr.  Ritter  diftingui()ies  three  degrees  of  mean  excitability.  When  theecei- 
At  the  fecond  degree  (the  firft  of  the  thiee  mean  degrees,)  ^vveen  ^he  me- 
when  the  metals  are  brought  into  contact,  a  flrong  excitement  dium  and  either 
of  the  flexors  is  difplayed  on  the  filver  fide,  and  a  weak  eg.-e^  on  t^e 
excitement  of  the  extenfors  on  the  zinc  fide  ;  and  when  the  flexors  and  ex- 
metals  are  feparated  a  flrong  excitement  of  the  flexors  is  Seen  ^oulXutuii- 
on  the  zinc  fide,  and  a  weak  excitement  of  the  extenfors  on  equal. 

the  filver  fide. 

At  the  fourth  degree  of  excitability  the  pontrary  takes  At  th^medium, 
place.  At  the  third  or  middle  degree  the  excitability  appeals  fimuitaneous. 
to  be  equally  distributed,  the  contradtions  on  each  fide  appear 
equal,  and  at  the  moment  of  confadt  the  flexors  conli  adl  on 
the  filver  fide,  the  extenfors  on  the  zinc  fide;  while  at  the 
moment  of  feparalion  the  extenfors  contract  on  the  filver  fide, 

3nd  the  flexors  on  the  zinc  fide. 

Mr.  Ritter  fiiowed  me  all  theie  phenomena,  and  it  w^s  very 
■eaty  to  diftinguifh  the  different  contractions,  I  have  not  }et 
had  time  to  repeat  thefe  experiments,  but  I  am  afraid,  eafy  as 
they  appeared  to  be,  they  will  require  an  experienced  hand, 
to  produce  fuch  diflindt  effedts  as  I  faw.  None  of  the  experi- 

ments  which  Mr.  Ritter  performed  before  me  fucceeded  with  always  fucceed 

him  on  the  fir  ft  trial. 
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Mr.  Ritter’s 
merit  not  fuf- 
ficiently  ap¬ 
preciate^. 


partly  owing  to 
h.s  ftyle. 


Account  of 
Mr.  Ritter* 


He  is  compo- 
fing  a  fyftematic 
work  on  gal- 
vamfnj. 
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him  the  fuft  time.  Moft  of  thefe  experiments  have  never  yet 
been  made  public,  and  few  philofophers  have  juftly  appre¬ 
ciated  the  value  of  thofe  which  have  been  given  to  the  world. 
There  are  fome  people,  who,  habituated  folely  to  the  ftriking 
effe<5ts  of  grolfer  phytics,  fuppofe  it  impoffible  for  a  young 
philofopher  to  fee  any  thing  more  than  themfelves  in  the 
delicate  phenomena  of  a  more  refined  order  of  phyfical  ex¬ 
periments.  What  has  greatly  contributed  to  prevent  Mr. 
Ritter  from  attaining  the  high  reputation  he  deferves  is  his 
ftyle,  which,  by  endeavouring  to  give  it  preeifion,  he  has 
rendered  obfcure;  but  in  convertation  it  is  quite  otherwife,  as 
here  he  combines  the  ftricteft  logic  with  the  grealeft  fimplicity 
of  expreftion. 

Mr.  Ritter  is  one  of  thofe  men,  who  owe  every  thing  to  the 
infpiration  of  genius,  nothing  to  education.  He  was  intend¬ 
ed  for  a  mechanical  occupation,  when  the  difcoveries  of  gal- 
vani  excited  in  him  that  innate  tafte  for  the  phyfical  fciences, 
which  has  carried  him  over  every  obftacle,  and  raifed  him  to 
rank  among  the  firft  natural  philofophers.  Deftitute  of  every 
fource  for  procuring  himfelf  the  apparatus  indifpenfable  to 
ordinary  phyfics,  but  fwayed  by  the  enthufiafm  of  inquiry, 
he  greedily  feized  the  opportunity  of  obeying  this  impuife  by 
purfuing  a  feries  of  experiments,  that  require  only  a  fimple 
and  not  a  very  expenfive  apparatus.  Europe  has  rung  with 
the  fuccefshe  has  obtained  within  the  feven  years  he  has  given 
to  his  refearches.  He  mufb  have  written  much  to  procure 
himfelf  a  large  pile,  and  the  moft  neceftary  books  of  natural 
philofophy. 

Not  lefs  indefatigable  as  an  experimenter  than  ingenious  as 
a  theorift,  he  has  committed  to  writing  thousands  of  experi¬ 
ments,  which  his  time  divided  between  galvanic  experiments, 
application  to  other  branches  of  phyfics,  and  the  ftudy  of 
languages,  has  not  yet  allowed  him  to  put  in  order  for  publi¬ 
cation.  But  this  ftate  of  conftramt  is  about  to  be  at  an  end. 
The  elector  Bavaria,  that  enlightened  prince,  whofe  philo- 
fophical  beneficence  attracts  to  his  dominions  the  moft  dif- 
tinguithed  men  of  fcience  and  learning  throughout  Europe, 
has  juft  appointed  Mr.  Ritter  a  Member  of  the  Academy  of 
Munich,  with  a  falary  of  about  2001.  a  year. 

Mr.  Ritter  has  been  employed  thefe  fix  months  in  com- 
pofing  a  fyftematic  work  on  galvanifin,  but  he  does  not  thinly 
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he  (hall  be  able  to  finifh  it  in  lefs  than  two  or  three  years. 

When  I  left  him  he  was  going  to  publifh  Tables  of  Galvanic Publi  thing 
Affinity,  including  all  the  fubftances  on  which  he  has  made 
experiments.  Thefe  tables  will  be  of'  as  much  importance  to 
galvanifm  as  thofe  of  Bergman  were  to  chemiftry  :  they  will 
fliow,  though  not  yet  in  a  complete  manner,  the  order  in  which 
fubftances  follow  each  other  with  refpedt  to  exciting  or  re¬ 
ceiving  the  galvanic  action. 

But  to  return  to  the  experiments  refpedting  the  charging  °f 
metals.  Mr.  Ritter,  after  having  fhown  me  his  experiments  has  two  poles* 
on  the  different  contraCtibility  of  various  mufcles,  made  me 
obferve,  that  the  piece  of  gold  galvaniled  by  communication 
exerts  at  once  the  action  of  two  metals,  or  of  one  conflituent 
part  of  the  pile;  and  that  the  half  which  was  next  the  nega¬ 
tive  pole  while  in  the  circle  became  poll  live,  and  the  half 
toward  the  pofitive  pole  became  negative.  I  was  completely 
convinced  of  the  reality  of  thefe  different  phenomena,  fo 
important  to  phyfic  in  general,  and  to  phyfiology  in  par¬ 
ticular, 

Mr.  Ritter  having  difeovered  the  method  of  galvanifing  Golden  needles 
metals,  as  iron  is  rendered  magnetic,  and  having  obferved  that  ^ 

galvanifed  metals  always  exhibit  two  poles,  as  the  magnetic 
needle  does,  had  the  curiofity  to  obferve  the  effect  of  golden 
needles  charged  with  galvanifm  and  balanced  on  a  pivot. 

To  his  furprife  he  perceived,  that  thefe  needles  had  a  certain  ^ave  k°th  dip 

.  .  ,  .  .  :  and  variation, 

dip  and  variation,  and  that  the  angle  of  variation,  the  quantity  but  different 

of  w'hich  I  am  forry  I  cannot  recollect,  was  uniformly  the  from  the  maS- 

fame  in  all  his  experiments.  It  differs  however  from  that  of 

the  magnetic  needle,  and  the  pofitive  pole  always  dips. 


YI. 

Improvement  in  applying  the  Points  in  Electrical  Machines .  By 

Mr.  G.  J.  Singer. 

To  Mr.  NICHOLSON. 

SIR,  Princes  Street,  Sep.  19///,  1805. 

IN  the  ordinary  conftruction  of  electrical  machines,  the  col¬ 
lecting  points  are  fixed,  and  by  the  leaf!  accidental  motion  are 
liable  to  feratch  the  glafs,  to  obviate  this  inconvenience,  I 

place 

I 

/ 


10* 


<3ueftion  re¬ 
ceding  light. 


ON  LIGHT. 

place  my  points  in  a  cylindrical  wire,  terminated  by  fmooth 
wooden  balls,  whole  femidiameter  is  lefs  than  the  length  of 
the  points :  I  his  wire  is  moveable  on  its  axis,  by  means  of  a 
Ipring  locket  annexed  to  the  tlem  which  enters  the  conductor: 
7  he  points  may  of  conrte  be  placed  at  any  required  elevation, 
and  the  greateil  intensity  any  variation  in  their  filuation  pro¬ 
duces,  be  obtained.  When  the  points  are  elevated  a  little 
above  the  horizontal  line,  the  danger  or  Icratching  the  glafs 
is  effectually  prevented,  by  the  balls  coming  in  contact  while 
the  points  are  kept  at  a  fmall  dirtance.  The  fecurity  this 
application  produces,  and  the  additional  inlenfity  it  affords, 
have  induced  me  to  trouble  yon  with  this  communication 

I  am. 

Dear  Sir, 

Your*s,  Sec. 

Q.  J.  SINGER. 


OSSESSING  no  differential  thermometer,  nor  any  time  to> 
iploy  it,  I  cannot  prove  whether  my  opinion  is  well  founded 


VII. 

Quefiian  whether  Light  as  a  Body  may  not  have  its  Temperature 
raifed  or  Lowered,  and  produce  the  Effects  afcribtd  to  reded  ed 
Heat.  By  J.  P. 

To  Mr.  NICHOLSON. 

S  I  R, 

P< 

employ 

or  not,  refpefting  the  ingenious  experiments  of  Mr.  Leflie  or 
of  M.  Pictet,  by  which  the  reflection  ofinvifible  (not  radiaut) 
heat,  and  even  of  cold,  appears  to  have  been  proved. 

Inttead  of  there  being  an  actual  reflection  of  heat  as  a  fub- 
rtance,  or  of  cold  as  a  fubftance,  is  it  not  in  all  thefe  cafes 
a  reflection  of  heated  or  of  cooled  light  ?  In  the  experiments 
with  the  heated  cannifter,  the  light  of  the  room  is,  I  doubt 
not,  heated  by  the  cannifter;  and  if  collected  in  a  focus,  muff 
produce  an  effect  on  the  thermometer,  anfwerable  to  the  in- 
creafed  quantity  of  heat  with  which  it  is  impregnated.  Thus 
alfo  in  Monf.  PiCtePs  experiment,  the  light  intercepted  by  the 
mirror  and  thence  reflected,  has  been  deprived  ot  a  portion 
of  its  caloric,  or  in  other  words  cooled,  by  the  ice ;  at  tho 

focal 
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focal  point  therefore  will  be  a  colle6iion  of  cooled  rays  of  light, 
which  muff  neceflarily  occafion  an  effe6t  on  the  thermometer, 
the  reverfe  of  that  of  the  former  experiment.  That  light  is  a 
body  capable  of  being  united  with  caloric,  and  that  heated  or 
cooled  light  fliould  thus  be  reflected  and  occafion  all  the  phe¬ 
nomena  of  Mr.  Lcflie’s  and  of  M.  Pictet’s  experiments,  ap¬ 
pears  to  be  much  more  probable,  than  that  this  calorific  and 
frigorific  fluid  fliould  be  the  ambient  air,  or  that  cold,  as  a 
body,  fliould  be  reflected  from  mirrors  in  fuch  a  manner  as 
light  is  perhaps  only  capable  of  being  reflected.  Were  the 
experiments  fo  made  that  no  light  fliould  be  in  the  room,  and 
only  a  fmall  confined  portion  of  light  ufed  to  examine  the, 
thermometer,  thele  conje6iures  would  be  put  to  the  trial,  and 
I  truft  the  myfiery  vyould  be  removed. 

Sir,  your’s, 

J-  F. 


VIII. 

Experiments  on  a  Mineral  formerly  called  falfe  Tungftein,  now 
Cerite,  in  which  a  new  Meted  has  been  found  f 

Mr  .  Klaproth,  about  eight  months  ago,  fays  Mr.  Vauquelin,  Klaproth  fup- 
fent  me  word,  that  he  had  difeovered  in  the  tungflein  of  Batinas  P°fed  he  ^ad 
a  new  earth,  to  which  he  gave  the  name  of  ochroit,  on  account  earth  in  the 
of  the  red  colour  it  acquired  by  calcination.  Meflrs.  Hifinger  ia!u-  tungfteinj 
and  Berzelius,  hearing  this,  wrote  to  Mr.  V.  claiming  the  Hifinger  and 
priority  of  difeovery,  but  affirming  at  the  lame  time,  that  what  ^eert*|^'iUS  an*w 
they  had  found  was  anew  metal.  Thefe  gentlemen  alterward 
lent  Mr.  V.  fpecimens  of  the  mineral,  which  he  analyfed  in 
company  with  two  experienced  practical  chemifis,  Meflrs. 

Taflaert  and  Bergman.  The  following  were  the  refults  of  their 
analyfis : 

The  pure  cerite  f  is  femitranfparent,  with  a  flight  rofy  tinge.  Characters  of 
;  •  '  '  pure  cerite, 

*  Abridged  from  a  paper  by  Vauquelin  in  the  Annales de  Chtmie , 
yol.  LIV.  p.  28,  and  another  by  Meflrs.  Hifinger  and  Berzelius  in 
van  Mons’s  Journal  de  Chimie ,  Vol.  VI.  p.  142. — C. 

f  Meflrs.  H.  and  B.  have  given  to  the  metal  the  name  of  cerion 
or  cerium ,  from  the  new  planet  Ceres,  and  to  the  mineral  in  which 
they  difeovered  it  that  of  cerite. 
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Treated  with 

nitro-muriatic 

acid. 


The  iolution 
precipitated 


by  prufliate  of 
potaffi  and  am- 
rr.onia. 


Examined  by 
different  re¬ 
agents. 


or  of  a  light  or  deep  flefli-colour  * * * §.  It  is  fufficiently  hard  to 
(cratch  glafs \,  flrikes  fire  with  difficulty,  and  its  Ipecific  gravity  is 
4*530.  It  has  no  determinate  cryftalline  figure.  Its  fra£fure 
is  compact  and  a  iittle  finning.  Its  powder  is  of  a  greyilh 
culoui  ;  it  becomes  yellow  by  calcination,  and  lofes  twelve 
per  cent  §. 

Exp.  1.  Two  hundred  parts  of  this  mineral  treated  with  ni- 
tro-muriatic  acid  three  times  fucceflively,  gave  abundance  of 
nitrous  acid  and  oxigenated  muriatic  acid  gas.  The  firft  and 
fecond  folu lions  being  diluted  with  w  ater  were  of  a  gold  colour; 
the  third  was  colourlefs.  The  former  two  being  mixed  depo- 
fited  fpontaneoufiy  in  time  a  (mail  quantity  of  white  fediment. 

Fne  reliduum  left  by  the  mtro-munatic  acid  w*as  of  a  gray  co¬ 
lour  with  a  flight  rofeate  tinge,  and  weighed  62,  fo  that  138 
parts  were  diffolved. 

Exp.  2.  The  folutions  being  evaporated  to  the  confidence 
cf  fyrup  to  volatilife,  tne  fuperfluous  acid  remained  clear  to  the 
end  of  the  operation.  Their  refiduum,  diluted  with  water, 
afforded  a  milky  liquor,  with  a  flight  rofy  tint,  and  a  very 
aliringent  tafte. 

i  rudiate  of  potafh  produced  in  it  a  greemfh  blue  precipitate  : 
the  colour  of  which  was  changed  to  a  brown  by  a  fmall  quantity 
of  ammonia. 

All  the  liquor  into  which  a  fmall  quantity  of  ammonia  had 
been  put  to  precipitate  the  iron  alone  was  poured  into  a  filter, 
but  would  not  pafs  through.  It  was  heated  therefore,  and 
filtered,  when  it  appeared  of  a  gold  colour,  and  had  a  very 
Saccharine  tafle.  Prufiate  of  potalli  and  oxalate  of  ammonia 
threw  down  from  it  perfectly  white  precipitates. 

The  matter  left  on  the  filter  continued  for  a  long  time  to 
impart  a  yellow  tinge  to  the  water  with  which  it  was  wathed. 
It  was  of  a  red  colour,  and  appeared  like  oxide  of  iron  at  a 
maximum  of  oxidation. 

The  folution  thus  deprived  of  the  red  matter  by  ammonia, 
was  examined  by  various  reagents.  Pruffiate  of  polafli  gave 
with  it  a  white,  flocculent,  gelatinous  precipitate.  Infufion 

*  °Pake>  and  fometimes  but  very  rarely,  yellowifh.  Me0rs« 
H\  and  B. 

t  Does  not  fcratch  glafs.  H.  and  B, 

|  Unequal  and  angular.  H.  and  B. 

§  Six  or  feven.  H.  and  B. 

of 
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of  galls,  a  brown,  flocculent  fediment,  unaffected  by  muriatic 
acid.  Carbonate  of  potafh,  a  very  copious  while  gelatinous 
precipitate.  Cauflic  potafli,  the  fame;  and  an  excefs  ot  this 
reagent  produced  no  change.  Oxalate  ot  ammonia,  a  very 
copious,  white,  flocculent  precipitate,  infoluble  in  an  excefs 
of  oxalic  acid.  Sulphuric  acid,  a  yellow  cryflalline  precipitate 
foluble  in  water.  Muriate  of  tin  whitened  the  lolution  without 
forming  any  precipitate. 

Exp.  3.  After  this  the  folution  was  evaporated,  when  it  A^empts^to  free 
inflantly  became  turbid,  and  formed  an  abundant  flefh*?coloured 
depofit.  This  was  treated  with  acidulous  oxalate  of  potafh  to 
diflolve  the  iron  without  fuccefs  ;  the  addition  of  nitric  acid 
was  as  unfuccefsful :  but  muriatic  acid  added  to  the  pieceding 
diflolved  the  precipitate  with  effervelcence  and  the  emiflion  ot 
oxigenated  muriatic  acid  gas.  A  white  cry  ftalline  lubflance 
however,  remained,  confifling  ot  oxide  of  cerium  with  oxalic 
acid.  The  greater  part  of  the  excefs  of  acid  in  the  folution 
being  faturated  with  ammonia,  oxalate  ot  ammonia  was  added 
tili  no  more  precipitate  was  tormed.  1  his  precipitate  had  all 
the  properties  of  oxalate  of  cerium.  Ammonia  threw  down 
from  the  filtered  liquor  oxide  of  iron. 

Exd.  4.  The  matter  precipitated  from  the  folution  of  cerium  Muriate  preci- 

by  ammonia  in  Exp.  2,  diflolved  with  effervelcence  in  muriatic  iate  0f  ammonia* 
acid.  Oxalate  of  ammonia  threw  down  from  this  folution 
oxide  of  cerium,  and  the  filtered  liquor  contained  oxide  of 
iron  tolerably  pure. 

Exp .  5.  The  liquor  freed  from  the  greater  part  of  the  iron  NItrate  PredP>- 
by  ammonia  and  heat,  which  had  notwithstanding  a  flight  ro-  0f  ammonia, 
feate  tinge,  was  precipitated  by  oxalate  of  ammonia.  Ihe 
precipitate  at  the  moment  ot  its  formation  had  the  appearance 
of  muriate  of  filver,  but  foon  became  granulous  and  fubfided 
in  this  form.  The  liquor  palled  through  the  filter  colouriefs, 
and  the  rofy  tinge  remained  in  the  oxalate. 

Exp.  6.  As  the  liquor  from  which  the  oxalate  of  cerium  was  Oxalate  of  lime 

precipitated  contained  an  excefs  of  acid,  it  might  be  prefumed 
to  hold  in  folution  mod  of  the  oxalate  ot  lime  formed  at  the 
fame  time,  if  the  cerite  contained  any.  Accordingly  it  was 
mixed  with  the  water  that  had  waflied  the  precipitate  and  con¬ 
centrated  by  evaporation,  when  on  the  addition  of  ammonia  a 
(mail  quantity  of  oxalate  of  lime  was  thrown  down. 

Exp  7.  As  notwithflanding  fome  oxalate  of  lime  might  have  Reft  of  the  lime 
r  .  r  •  •  r  .i  leparated. 

keen  precipitated  with  the  oxalate  of  cerium,  a  portion  ot  the 

red 
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red  oxide  of  cerium  arifing  from  the  decompofition  of  the  ox* 
aiate  by  calcination  was  difTolved  in  muriatic  acid.  A  brillc 
effervefcence  indantly  took,  place,  with  the  evolution  of  oxi- 
genated  muriatic  gas,  which  continued  till  (he  whole  was  dif, 

folved,  and  differed  in  no  refpeft  from  that  prepared  with  oxide 
of  manganefe. 

Muriatic  foIu-7  The  folution  of  cerium  in  muriatic  acid  was  clear,  and  had 

Hindered  folid  by  only  a  "S'1*  r°‘y  t,nge.  To  feparate  it  from  the  lime,  if  there 
amraama.  were  any,  ammonia  was  added,  when  the  folution,  having  been 
diluted  with  but  a  (mall  quantity  of  water,  congealed  into  a 
femitran (parent  gelatinous  mafs,  which  it  was  neceffary  to  agi¬ 
tate  with  a  great  deal  of  water,  before  it  could  be  gotten  out 
of  the  bottle. 

"1  he  piec  ipitate  being  wafhedand  calcined  was  very  compaft, 
and  had  a  brilliant  fracture. 

i  he  liquor  thus  decomposed  by  ammonia  contained  lime, 
as  appeared  on  precipitating  it  with  oxalate  of  ammonia. 
Oxiu.te  oi  ceri-  At  the  mllant  vvhen  the  oxalate  of  cerium  is  precipitated  by 
ammonia  it  is  white  and  femitranfparent ;  but  by  agitation  in 
tiie  an  and  deficcation  it  atfumes  a  yellowith  colour,  and  be¬ 
comes  opake.  A  remarkable  circum fiance  is,  that,  if  it  be 
boiled  with  ammonia  or  potato  before  it  is  dry,  it  becomes 
again  perfectly  while  and  opake.  This  is  not  owing  to  any 
combination  of  the  alcalies  with  the  cerium,  for  when  it  has 

been  well  watoed,  no  trace  of  them  can  be  difeovered  by  the 
mod  careful  anal\  (is. 

Cmr^nent farts  The  refiduum  left  untouched  by  (he  acids  was  afterwards 

examined  ;  when  it  appeared,  that  the  purett  ore  of  cerium  * 
from  Baftnas  contained  in  100  parts. 

Oxide  of  cerium 
Silex  - 
Oxide  of  iron 
Lime  - 

Water  -  .  . 


um. 


Dne?  not  com 
b  nt  with  al- 

ka.it:  i. 


6$ 

17  \5 

i 

3  or  4, 

12 


98\5  f 

Cerium, 

-  Mr.  Vauquelin  analysed  other  fpecimens,  which  were  mixed 
with  green  ntfinote  and  cupreous  pyrites  j  but  as  nothing  particular 
occurred  in  thefe  analyfes,  it  is  unneceffary  to  enter  into  them. 

t  Meflrs.  H.  and  B.  fay:  fi  lex  23  parts,  carbonate  of  lime  5-5, 
oxidt  oi  iron  22,  and  of  oxide  of  cerium  after  calcination  more  than’ 

50. 
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Cerium,  like  feveral  other  metals,  appears  fufceptible  of  two  Cerium  has  two 
very  diftinft  degrees  of  oxigenalion:  the  oxide  which  contains oxldes* 
leaft  oxigen  is  white;  that  which  is  taturated  with  it  is  of  a 
fallow  red.  Though  they  differ  confiderably  in  certain  refpe&s, 
their  quantities  of  oxigen  are  not  very  ditlimilar,  whence  they 
are  readily  and  eafily  commutable  into  each  other. 

J  lie  white  oxide  expofed  to  the  blowpipe  foon  becomes  red,  Expofed  to  the 

but  does  not  melt,  or  even  agglutinate.  With  a  large  propor-  Wlt-h 

-  ,  +  *  r  .  oorax* 

tion  of  borax  it  melts  into  a  tranfparent  yellow  globule  *  :  with 

lefs  the  globule  becomes  opake  on  cooling.  On  heating  gently 

a  tranfparent  compound  of  borax  and  oxide  of  cerium  it  becomes 

milky  like  a  tin  enamel. 

The  white  oxide  of  cerium  becomes  yellowifh  in  the  open  Takes  oxigen 
air,  but  never  fo  red  as  by  calcination,  becaufe  it  readily  com-  acidfrom^c 
bines  with  carbonic  acid,  which  oppofes  its  union  with  oxigen  air. 
to  the  point  of  faturation,  and  becaufe  it  always  retains  a  por¬ 
tion  of  water,  which  diminifhes  its  colour. 

Cauftic  potafh  by  the  affiflance  of  heat  deprives  the  red  oxide  Alcalies  do  not 
of  part  of  its  oxigen,  and  renders  it  white.  This  being  dried, a<^  on 
however,  and  urged  to  the  date  of  fufion,  becomes  red  again. 

Alcalies  have  no  other  action  on  it. 

Sulphuric  acid  difTolves  the  red  oxide  with  great  difficulty.  Sulphuric  acid 
Equal  parts  of  it  and  of  fulphuric  acid  diluted  with  four  times  red  °*~ 

its  weight  of  water  combine  readily  when  heated  :  the  whole 
mafs  alTuming  a  cryftalline  form  and  brilliant  afpect.  On  adding 
frefli  acid,  and  heating  them  together  a  long  time,  a  complete 
folution  lakes  place.  This  folution  being  evaporated  by  a  gentle 
heat  cryftallizes  in  very  fmall  needles,  fome  of  which  are  Two  fulphates. 
orange +,  others  of  a  lemon  colour.  If  evaporated  quickly, 
nothing  but  a  yellow  powder  is  obtained. 

50.  The  increafe  of  weight  they  aferibe  to  oxigen  abforbed  by  the 
iron  and  the  cerium. 

*  Firft  blood-red,  then,  as  the  heat  decreafes,  green,  yellowifh, 

•and  finally  colouriefa.  If  it  be  kept  in  the  middle  of  the  flame  it 
continues  as  clear  and  colourlefs  as  glafs,  Thefe  phenomena  are  With  a  phof- 
more  evident,  if  a  phofphoric  fait  be  employed.  If  two  coloui  lefs  phoric  fait, 
tranfparent  globules,  one  formed  with  borax  the  other  with  a  phof¬ 
phoric  fait,  be  filled  together,  a  tranfparent  compound  is  produced, 
which  on  cooling  becomes  opake,  and  of  a  pearl  colour.  Me  firs. 

H.  and  B. 

f  Thefe  Meflrs.  H.  and  B.  confider  as  an  acidulous  fulphate  of 
cerium  at  a  maximum  of  oxidation. 
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With  the  white 

oxide. 


Nitric  acid  with 
the  red  oxide. 


With  the  white. 


Muriatic  acid. 


Oxigenated  mu¬ 
riatic  acid. 

C  a: bonic  acid. 


Hidro-fulphures 
l'cparate  iron 
irom  cerium. 


'3'krtaious  acid. 


The  fulpbale  of  cerium  is  foluble  in  water  only  by  means  of 
an  excefs  of  acid.  Its  tafte  is  faccharine  and  acid. 

Sulphuric  acid  eafily  combines  with  the  white  oxide,  particu¬ 
larly  in  the  (late  of  carbonate.  The  folution  is  colourlefs,  or 
with  a  flight  rofy  tinge  ;  of  a  faccharine  tafte  without  any  per¬ 
ceptible  acidity  ;  and  readily  affords  white  cryflals. 

Nitric  acid  does  not  readily  diffolve  the  red  oxide  unlefs 
aftifted  by  heat.  If  the  acid  be  fuperabundant,  the  folution 
yields  white  deliquefcent  cryflals :  if  not,  no  cryflals  ate  formed, 
but  a  yellowifh  fait  is  formed  by  dcficcation,  of  which  alcohol 
at  38°  will  diffolve  half  its  weight.  The  nitrate  of  cerium  is 
decompofable  by  heat,  and  leaves  a  brick-coloured  oxide. 

I'he  white  oxide  unites  more  readily  with  nitric  acid,  but 
this  fait  is  not  more  eafily  cryflallizable.  Its  tafte  is  at  firfl 
pungent,  afterward  very  fugary. 

Muriatic  acid  diffolves  the  red  oxide  with  effervefcence. 
1  he  folution  cryflallizes  confufedly.  The  fait  is  deliquefcent, 
foluble  in  an  equal  weight  of  cold  water,  and  in  three  or  four 
times  its  weight  in  alcohol.  The  flame  of  this  folution  acquires 
no  colour  from  the  fait,  but  if  agitated,  white,  red,  and  purple 
points  appear  in  it  *. 

Oxigenated  muriatic  acid  has  no  aclion  on  the  red  oxide,  but 
diffolves  the  white,  without  yielding  to  it  any  of  its  oxigen. 

The  oxide  of  cerium  unites  eafily  with  carbonic  acid.  The 
mofl  Ample  and  ready  method  of  forming  this  compound  is  to 
decompofe  a  folution  of  the  nitrate  or  muriate  of  the  white 
oxide  by  fatu rated  carbonate  of  potafh,  when  a  very  white 
precipitate  will  be  formed  with  effervefcence,  which  is  very 
light,  and  on  drying  aflumes  a  fhining  filvery  appearance. 

Sulphurated  hidrogen  does  not  combine  with  cerium  :  but 
hidrofulphures  may  be  employed  fucceflively  to  leparate  any 
iron  that  may  be  mixed  with  it  ;  for,  when  this  is  the  cafe,  the 
firfl  portions  of  hidrofulphure  will  throw  down  from  the 
folution  of  cerium  a  greenifh  precipitate  till  no  more  iron 
remains. 

The  w’bite  oxide  will  unite  dire&ly  with  tartarous  acid,  but 
requires  an  excefs  of  the  acid  to  render  it  foluble  f . 

Mr. 

*  When  this  folution  is  concentrated  it  burns  with  a  yellow  fpark- 
lir.g  flame.  Mcflrs.  H.  and  B. 

f  Mefh  s.  H.  and  B.  have  obferved,  as  well  as  Mr.  V.  that,  if 
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Mr.  Vauquelin  made  feveral  unfuccefsful  attempts  to  reduce  Reduction  of 
this  metal ;  at  (irfl  he  ufed  the  oxalate  made  into  a  pafte  with  me  a  * 
fat  oil.  However,  having  mixed  tartrite  of  cerium  with  a  very 
fmall  quantity  of  oil  and  lamp-black,  he  put  it  into  a  crucible 
of  charcoal  bedded  in  (and  in  an  earthen  crucible,  and  heated 
it  for  an  hour  and  half  in  a  forge  furnace.  A  metallic  globule 
fcarcely  as  large  as  a  pin's  head  was  now  left  in  the  coal,  but 
no  other  trace  of  cerium  could  he  difcovered,  though  the  fand 
was  examined  with  the  utmofl  care. 

None  of  the  Ample  acids  added  on  this  globule,  but  it  dif-  The  globule  ex- 
folved,  though  with  extreme  difficulty,  in  aqua  regia,  alter  being 
triturated.  The  folution  was  reddiffi,  and  exhibited  unequi¬ 
vocal  marks  of  iron  :  but  it  likewile  gave  evident  ligns  of  the 
exigence  of  cerium,  both  by  its  faccharine  tafle,  and  by  the 
white  precipitates  which  tartrite  of  potafh  and  oxalate  of  am¬ 
monia  threw  down.  The  metallic  globule  too  was  harder, 
much  more  fragile,  more  fcaly  in  its  fra&ure,  and  more  white 
than  pure  caft  iron. 

As  from  thefe  experiments  cerium  appears  to  be  volatile,  a  Volatile,  but 
fimilar  mixture  with  the  addition  of  borax  was  heated  in  a  bHo«Pir  fruit" 
porcelain  retort,  to  the  neck  of  which  a  porcelain  tube  was  lefs. 
adapted.  Whether  from  the  inefficiency  of  the  heat  however, 
or  from  the  metal  being  volatilized  without  adhering  to  the 
neck  of  the  retort,  no  trace  of  fublimate  was  found.  But 
feveral  very  fmall  metallic  globules  remained  in  the  retort,  ad¬ 
hering  to  a  black  varniffi  formed  by  the  borax.  There  were 
fome  of  thefe  globules  about  the  upper  part  of  the  veflfel,  to 
which  apparently  they  had  been  fublimed  by  the  force  of  the 
fire;  but  ail  thefe  globules  together  would  not  have  amounted 
to  a  fiftieth  part  of  the  cerium  employed. 

the  faits  of  cerium,  decompofed  by  tartrite  of  potaffi  ftill  contain  Simple  nr.d  reaiy 

traces  of  iron,  the  iron  remains  diffolved  in  the  liquor,  particularly  method  of  free- 

if  a  flight  excefs  of  tartrite  be  employed.  Accordingly  they  have 

propofed  this  method  as  the  bed  and  flmpleft  for  freeing  the  cerium  taining  the  os> 

from  iron.  The  procefs  they  recommend  for  obtaining  pure  oxide  lde  Pure« 

of  cerium  is,  to  diffolve  in  nitro-muriatic  acid  any  quantity  of  cerite, 

carefully  fde&ed  and  thoroughly  calcined.  To  filter  the  folution, 

neutralize  it  by  cauftic  potaffi,  and  then  precipitate  by  tartrite  and 

potaffi.  The  precipitate  well  waffied,  and  afterward  calcined,  is 

pure  oxide  of  cerium. 
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Ahflracl  of  a  Memoir ,  entitled  Confiderations  on  Colours,  and 
fever al  of  their  fingular  Appearaneds ;  read  at  the  Clafs  of 
Mathematical  and  Phyfical  Sciences  of  the  National  Jnjlitutc, 
Mi arch,  1 S05,  by  C .  A .  Pr i  ku  R  *. 


Objeft  ot  the 
memoir. 


Begins  with  the 
colours  result¬ 
ing  from  a  mix¬ 
ture  of  rays. 


For  which  we 
are  indebted  to 
Newton. 


Preliminary  re¬ 
quisites. 


Complementary 

colours. 


Our  author  here  endeavours  to  account  for  feveral  pheno¬ 
mena,  which  appear  to  him  never  yet  to  have  been  properly 
explained  :  or  rather  it  is  his  object  to  exhibit  a  general  theory, 
by  means  of  which  all  cafes  of  coloured  appearances,  even  the 
moft  extraordinary,  may  be  referred  to  certain  principles. 

He  fets  out  from  the  known  opinions  concerning  the  various 
fpecies  of  luminous  rays,  the  colours  refuhing  from  a  mixture 
of  feveral  of  thefe  rays  taken  at  different  parts  of  the  folar 
fpe&rum,  and  among  others  the  very  remarkable  cafe,  where 
the  rays  are  fo  choleti,  that  their  union  produces  on  the  organ 
of  fight  the  fenfation  of  whitenefs,  even  if  two  forts  of  rays 
only  be  employed. 

For  thefe  ideas  we  are  indebted  to  the  difeoveries  of  the 
immortal  Newton,  and  they  flow  immediately  from  the  me¬ 
thod  he  has  propofed  for  determining  what  colour  would  be 
obtained  from  a  mixture  of  certain  quantities  of  other  given 
colours. 

If  we  would  thoroughly  comprehend  what  pafies  in  the 
feeing  of  colours,  it  is  indifpenfable  in  the  firft  place  to  obtain 
a  tamiliar  acquaintance  with  the  (hades  compofed  of  feveral 
firnple  rays;  to  acquire  precile  ideas  of  black  and  of  v hite, 
and  of  the  complication  thefe  introduce  info  coloured  appear¬ 
ances ;  and  more  efpecially  to  underhand  the  relation  of  co¬ 
lours,  which,  taken  two  and  two  in  a  certain  order,  are 
capable  of  forming  by  their  union  white,  or  if  you  pleafe  any 
other  compound  tint. 

Two  colours  having  this  kind  of  relation  to  each  other  are 
reciprocally  termed  complementary  colours :  one  of  thefe  being 
given,  the  other  may  be  determined  with  more  or  lefs  precifion 
by  various  modes  of  experiment,  calculation,  or  firnple  reafon- 
ing;  and  the  confideralion  of  them  applies  very  ufefully  to  a 
great  number  of  cafes,  as  will  be  feen  farther  on. 


*  Franflated  from  the  Annates  de  Cbimie ,  Yol,  LIV.  p.  5,  April* 
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We  here  pafs  over  many  particulars,  which  perfons  verfecl  in 
the  fcience  of  optics,  or  habituated  to  the  practical  applica* 
tion  of  colours,  will  eafily  lupply.  Betides,  the  lublequent 
part  of  the  memoir,  of  which  we  have  undertaken  to  give  an 
account,  will  furnilh  an  opportunity  of  repeating  what  is  molt 
necelfary  for  underftanding  thefe  lubjeCts. 

After  thefe  preliminaries  the  author  proceeds  to  obfervations 
on  contrafis.  He  employs  this  word  to  characterize  the  effect 
of  the  limultaneous  vifion  of  two  fubitances  differently  co¬ 
loured,  when  brought  near  together  under  certain  circum- 
fiances.  Contrail  then  is  here  a  companion,  from  which  re- 
fults  the  lentiment  of  a  cerlain  difference,  great  or  fmaii.  It  is 
pretty  generally  known,  and  painters  in  particular  are  well 
aware,  that  a  coloured  fubfiance  occupying  a  lpace  of  little 
extent,  and  placed  near  or  furrounded  by  a  given  colour,  has 
not  the  lame  appearance  as  in  the  neighbourhood  ol  another 
colour:  but  whence  arifes  this  difference  ? 

Before  we  attempt  to  anfwer  this  queftion,  let  us  make  an 
effential  diflin&ion.  The  colours  in  queftion  muff  be  either 
homogeneal,  that  is  formed  of  one  fort  of  rays  only;  or  com¬ 
pound,  that  is  formed  of  a  mixture  of  different  rays. 

In  the  fir  ft  cafe,  it  muff  be  confeffed,  we  are  ignorant, 
whether  the  approximation  of  different  fimple  colours  would 
produce  any  alteration  in  their  refpeCtive  appearance.  As 
we  feldom  have  an  opportunity  of  feeing  exhibitions  of  co¬ 
lour  of  this  kind,  and  it  is  not  eafy  to  arrange  fuch  at  will,  no 
experiments  have  yet  been  made  on  their  contrails.  The 
fubjecl,  however,  is  well  worth  ftudying. 

As  to  compound  colours,  and  luch  are  almoll  all  thofe  of 
natural  or  artificial  fubftances,  as  our  author  (hews  in  the 
courfe  of  his  paper,  the  new  colours  exhibited  by  contrail  are 
always  conformable  to  the  tint  that  would  be  obtained  by  ab- 
dra&ing  from  the  colour  proper  to  one  of  the  (ubftances  the 
rays  analogous  to  the  colour  ol  the  other. 

Thus  if  we  place  on  red  paper  a  flip  painted  orange-colour, 
the  latter  will  appear  nearly  yellow  :  on  the  contrary,  the 
fame  drip  placed  on  yellow  paper  will  appear  nearly  red.  If 
we  place  it  on  violet  paper  it  will  refume  a  yellowifh  tint, 
but  different  from  the  former ;  and  lafily,  on  green  paper  it 
will  appear  red,  but  in  a  different  degree. 

Vol.  XII. — October,  1805.  I 


Contrails. 


Contrafis  of 
fimple  colours 
not  yet  exa¬ 
mined. 


Its  effe£l  pro¬ 
duced  by  ab- 
ftradling  from  a 
colour  the  rays 
analogous  to 
that  contralled 
with  it. 


Orange  on  red 
appears  yellow  ; 

on  yellow,  red  5 

on  violet,  y el-* 
lowith  ; 
on  green,  an¬ 
other  red  1 
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becaufe  orange 
con6fts  o i  all 
ray*  but  bloc. 


Contraft  modi¬ 
fied  by  circum- 
ftances. 

Degree  of  light. 


Many  contrails 
at  once. 


■0 


Eftefi  mcreafed 
by’fiight  fatigue 
m  the  eye. 


But  not  by  ex- 
ceitife. 


Cftloer  on  rbe 
retina  af  ter  ex¬ 
posure  to  firong 
light,  not  from 
con  craft  . 


EufFon’s  acci- 
•cn  tal  coiou  rs  are 


cofotared  ftiadows 
of  the  fame  iu- 
lurci 


The  explanation  of  thefe  intlances  by  the  rule  propofed  ts 
ezfy,  it  we  luppofc  the  orange-colour  of  the  little  ftrip  to  be 
compounded  of  all  the  rays  except  blue,  which  is  commonly 

the  cafe. 

A  multitude  of  combinations  of  colours  thus  placed  upon 
one  another,  bring  cut  the  colour  of  contrail  indicated  by  the 
rule  above  laid  down  ;  but  there  are  feveral  circum (lances 
that  render  (he  eflfe<5l  more  linking,  or  modify  the  refuit. 

Sometimes  it  depends  on  the  degree  of  light  by  which  the 
colours  are  obferved.  They  may  be  illumined  uniformly,  or 
tome  more  than  others.  The  quantity  of  light  entering  fitnuU 
taneoufiy  into  the  eye  from  the  whole  field  o(  view,  has  like- 
wile  its  influence.  If  the  colours  form  feveral  furrounding 
borders  to  each  other,  as  a  ferics  ol  circles  decreafing  in  fize 
and  placed  one  upon  another  would  do,  they  will  a<5t  reci¬ 
procally  on  each  other.  At  every  junction  there  will  be  on 
each  fide  a  border  coloured  by  the  contrail  of  the  adjacent 
tint.  I  hete  borders  will  be  of  greater  or  lefs  extent  in 
proportion  to  the  brightnefs  ©*  the  colour.  The  efiect  of  a 
single  one  may  be  fufheient  to  deaden  or  annihilate  all  the 
red. 

1  he  colours  of  contrail  will  appear  likewise  with  greater 
vividnets  after  having  obferved  them  a  few  moments,  or  if  the 
coloured  fubfiances  be  (haken  a  little,  fo  that  they  may  pafs 
(lowly  over  the  retina.  It  feems  as  if  a  certain  faiigue  of  the 
eve,  either  mfianfaneoufly  with  regard  to  the  intenfity  of  the 
light,  or  more  llowly  by  a  prolonged  vjfion,  concurred  to 
produce  the  appearances  in  queffion.  But  an  exceflive  fatigue 
of  the  organ  would  produce  a  degeneration  of  the  colours  be¬ 
gging  to  another  mode.  1 

We  ought  not  therefore  to  refer  to  contrail  thofe  impref- 
fions  mentioned  by  Alp  in  us,  which  are  propagated  in  the  eye 
with  a  certain  duration,  and  a  particular  period  of  tints,  when 
we  have  looked  fledfallly  on  a  very  brilliant  light,  as  that  of 
the  fun. 

But  the  colours  termed  by  Bulfon  accidental,  on  which 
Scherfer  has  written  an  interelling  eflay,  belong  to  the  clai's  of 
contrails,  or  at  leaf!  conllantiy  obferve  the  fame  law. 

Coloured  jhadows  are  another  phenomenon  of  the  fame  kind. 
Count  Rum  lord  lias  eftablilhed  this  fa<5t  beyond  quellion  in 

two 
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wo  eflfays,  where  he  has  treated  the  fubjeft  in  a  very  plead  ng 
manner.* 

Mr.  Prieur  thinks,  that  thofe  appearances  of  the  Polar  light  alfo  light 
received  through  a  hole  in  a  coloured  curtain,  which  General  co^urtd  cur-  ^ 
MeuPnier  had  remarked  on  account  of  their  Angularity,  are^.-iin  ; 
alfo  to  be  aPcribed  to  contrail;.  With  this  too  he  aAimiIates0Pa,s  i 
feveral  cafes  of  colours  difplayed  by  opals,  or,  to  Ppeak  more 
generally,  by  bodies  including  per  eptible  opake  parts  diffe- 
minated  through  a  tranfparent  fubftance.  In  the  fame  way  on  paper 

he  explains  the  colours  under  which  the  grayilh  dull  collected  and  Ci0t‘1’ 
by  age  on  papers,  or  on  coloured  fhitfs,  appears;  and  he  and  bluenefs  of 
draws  the  fame  inferences  with  refpect  to  the  blueilh  appear-  "he  veins* 
ance  of  the  veins  of  the  human  body. 

Helikewife  propofes  a  new  method  of  rendering  the  colours 
of  contrail  very  fenfible,  more  fo  than  even  by  the  known 
proceis  of  accidental  colours,  and  neverthelefs  without  occa- 
fiomng  any  extraordinary  fatigue  of  the  eye.  This  lad;  circnm- 
ftance  is  of  no  tmall  conlequence,  for  every  one  mud  be  aware, 
that  fo  delicate  an  organ  cannot  be  drained  by  over  exertion 
without  danger.  ' 

This  method  confids,  the  obferver  being  in  a  room  with  a  Method  of  ren- 
good  light,  in  placing  againd  the  window  the  coloured  papers,  ^  ^ ^ * 

on  which  he  means  to  obferve  the  contrads  in  the  manner  above 
mentioned.  The  coloured  paper  ferving  as  the  ground  will 
then  poffefs  a  degree  of  femitranfparency,  while  the  little  Hip  of 
a  different  colour  placed  upon  it  is  more  opake,  and  in  the 
lhade,  on  account  of  the  double  thicknefs  of  paper:  thus 
the  colour  produced  by  the  contrad  is  rendered  much  more 
firiking. 

From  this  arrangement  too  refults  the  Angularly  driking  Slip  of  white 
effeft  ot  conta6t  of  a  little  flip  of  white  paper  applied  fuc-  burcVpaper^ ' 
celfively  on  paper,  glafs,  and  cloth  of  a  given  colour.  When  glafs,  &c. 
the  tranfparent  body  is  red,  the  opake  white  appears  blueilh 
green;  if  the  ground  be  orange,  it  is  decidedly  blue;  on  a 
yellow  ground,  a  kind  of  violet  ;  on  a  crimfon  ground, 
green,  &c.;  always  correfponding  exa6ily  to  the  complementary 
culou". 

On  this  it  mud  be  obferved,  that,  according  to  the  rule  al-  Explanation, 
ready  mentioned,  if  we  abdraft  from  white,  which  is  a  com- 


*  See  his  Philofophical  Works,  Vol.  I,  p.  319,  and  following. 

I  2  pound 
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pound  of  all  the  coloured  rays,  the  red  rays  for  example,  the 
remaining  pencil  ought  to  appear  a  very  pale  blueifti  green  ; 
but,  as  in  the  experiment  above  the  little  white  Hip  is  in  the 
fliade,  the  black  hence  ariling  may  be  of  a  proper  degree  to 
deftroy  the  effect  of  the  white,  and  then  the  blueifh  green  ap¬ 
pears  of  a  lively  tint.  The  tame  reafoning  is  applicable  to  the 
cafe  of  all  the  other  colours. 

Refle&ed  light  To  obtain  the  full  eflfed  in  repeating  thefe  experiments,  vve 

mud:  be  avoided.  mup.  ^ajce  care>  while  procuring  a  favourable  light,  to  guard 
againft  the  reflection  ot  adjacent  bodies,  and  againft  double 
coloured  fringes.  Thus  when  the  bright  light  tranfmitted 
through  the  window  fu-rrounds  the  tranfparcnt  paper,  it  may 
very  fenfibly  augment  the  brightnefs  of  the  colour  of  contrail, 
or  injure  it  by  introducing  another  tint,  according  to  the  colour 

How.  of  the  body  under  oblervation.  We  have  it  always  in  our 

power,  however,  to  get  rid  of  this  tupercompofttion,  by  taking 
a  piece  of  black  cloth  or  pafleboard  to  mails  the  objeCt  thus 
incommoded,  or  by  looking  through  a  blackened  tube  fo  as  to 
confine  the  field  of  vifion  to  the  neceffary  extent. 

Ufeful  in  the  This  knowledge  of  contrail  may  be  ufefully  applied  to  thofe 
arts,  which  are  employed  on  the  lubjeCt  of  colours.  The 
painter  is  aware,  that  k  is  not  a  matter  of  indifference  what 
colour  is  placed  near  another:  but  when  he  is  acquainted 
with  the  law,  to  which  their  a61ion  on  each  other  is  fubjected, 
he  will  know  better  what  to  avoid,  and  how  to  difpofe  his  tints, 


White  appear¬ 
ance  of  a  co¬ 
loured  body 
through  glafs  of 
the  fame  hue. 


fo  as  to  heighten  the  brilliancy  of  that  which  he  withes  to  bring 
forward.  Contrafling  them  together  in  fuccefCon  likewife 
affords  us  valuable  indications  of  their  nature  and  compolition. 
7  his  the  author  himfelf  has  put  in  practice  with  advantage  in 
his  manufactory  of  colours  and  paper-hangings. 

Thefe  confiderations  on  contrails  led  him  to  the  examination 
of  a  very  fingular  cafe,  which  Mr.  Monge  has  mentioned  and 
treated  with  his  ufual  fagacity  *.  This  cate  is  the  white  ap¬ 
pearance,  winch  a  coloured  body  (ometimes  exhibits  when 
viewed  through  a  glafs  of  the  fame  hue.  There  remained 
fome  uncertainty  refpecting  the  circumflances  a61ually  neceffary 
for  producing  this  effect :  thefe  our  author  determines  b\  par¬ 
ticular  experiments,  and  he  enumerates  thofe  which  have  a 
favourable  influence  or  the  contrary.  His  conclufion  is,  that. 


*  AnnaUs  de  Climie ,  Vol.  III. 


when 


CONSIDERATIONS  ON  COLOURS. 


117 


when  we  have  the  perception  of  whitenefs  in  thefe  cafes,  it  is 
owing  folely  to  the  aCiion  of  contrafts,  by  which  the  impref- 
fion  of  the  colour  is  deadened  or  annihilated  ;  while  that  of  a 
certain  degree  of  brightnefs  (till  fubiifts,  and  is  noticed  from 
the  oppofition  of  a  greater  degree  of  obfeurity.  I  bis  manner  New  definitions 
of  confidering  the  fubject  leads  to  a  new  definition  of  whitenefs  01  whitenefs. 
which  has  certainly  nothing  in  it  inconliftent  :  white  is  with 
refpe6t  to  us  the  fenfution  of  h^ht,  when  no  particular  colour  pre¬ 
dominates  in  it,  or  is  perceived  in  it. 

In  the  fublequent  part  of  his  memoir  our  author  particularly  Further  fubje& 
eonliders  the  colouring  of  different  opake  and  tranfparent 
bodies;  that  is  to  fay,  he  inquires  what  are  the  luminous  rays 
which  a  given  coloured  body  is  really  capable  of  reflecting 
or  tranlmitting. 

His  method  of  making  his  experiments  is  fimple.  If  the  Method  of 
fubftance  be  opake,  he  places  it  on  a  piece  of  black  cloth, 
and  obferves  it  with  the  prifm.  If  it  cannot  be  cut  fo  as  to 
reduce  it  to  a  reCtangular  figure,  he  covers  it  with  a  piece  of 
blackened  pafteboard,  in  which  there  is  a  rectangular  aper¬ 
ture.  Under  thefe  circumftances  the  coloured  fringes  dil- 
played  on  two  oppofite  tides  indicate  the  kind  of  rays  reflect¬ 
ed,  and  confequently  thole  ablorbed  when  we  know  the 
nature  of  the  illuminating  pencil.  On  which  we  have  farther 
to  remark,  that,  as  the  fringes  are  themfelves  compound  tints, 
the  fimple  tints  that  compofe  them  muft  be  difcriminated. 

Their  infpe&ion  fuffices  an  experienced  perfon  for  this;  but  Compound  tints 

the  habit  is  to  be  acquired,  and  its  place  (upphed,  by  taking 

for  a  guide  papers  reprefenting  each  fpecies  of  rays,  placing  How. 

them  in  their  order  one  upon  another,  and  drawing  them  back 

in  gradation  conformably  to  their  difference  of  refrangibility  ; 

or  we  may  uf'e  a  table  conftruCled  after  Newton's  method  for 

determining  the  compound  tints  of  leveral  elementary  colours. 

If  the  body  to  be  examined  be  tranlparent,  the  aperture  in  Method  of 

the  pafteboard  juft  mentioned  will  be  well  adapted  to  cover  it  examining  tran- 
r  J  '  lpa’-ent  bodies* 

when  placed  againft  the  light,  fo  that  the  prilm  may  exhibit 

fringes  on  it.  Or,  if  the  obferver  place  himfelf  in  the  dark,  a 

light,  as  that  of  a  candle,  will  exhibit  through  the  tranlparent 

fubftance,  by  the  aftiftance  of  the  prilm,  a  feries  of  coloured 

images  correfponding  to  the  ra)s  tranlmitted. 

Making  his  experiments  in  this  manner,  our  author  dilcover-  Colours  of 
ed  that  feveral  opake  fubftances  which  happened  to  be  at 

hand,  forption. 
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tures. 


Predominant 

colour. 


hand,  of  various  natures  and  of  all  colours,  whether  yellow, 
orange,  red,  or  green,  blue  and  violet,  owed  their  coloured 
Laws.  appearance  to  t tie  following  law-s:  1  ft,  each  of  the  bodies 

always  abforbed  the  rays  that  were  complementary  to  the  pre¬ 
dominant  colour :  2d\ y,  in  tome  the  abforption  included,  be- 
fide  the  complementary  lpecies,  others  collateral  to  this 
fpecies,  and  more  or  lefs  numerous :  Tlly,  the  deeper  a 
colour  is,  the  fewer  fpecies  of  lays  it  reflects. 

Relates  to  che-  It  is  to  be  underfiood  that  mixed  colours  are  not  here  fpoken 

pounds OInot  me  kut  on^  thofe  that  form  a  homogeneal  compound,  or  a 

chanlcal  mix-  true  combination ,  in  the  fenfc  in  which  chemitls  ufe  this  word. 

ISior  mull  the  colour  reflected  from  the  interior  of  the  molecules, 
fufcepttble  of  light  or  deep  tints,  be  confounded  with  the 
light  refle<5ted  from  the  anterior  furface  of  bodies  :  and  though 
this  mixes  more  or  lefs  with  the  proper  colour,  it  is  eafv  to 
diminifb  its  effects,  and  difcriminate  them  in  the  experiments. 

Another  remark  proper  to  be  made,  is,  that  the  ex  predion 
\ predominant  colour  muff  not  be  fuppofed  to  imply,  that  the 
rays  of  this  colour  aie  more  abundant  than  the  reft,  which 
would  be  a  miflake.  Several  fpecies  of  rays  may  exiff  to¬ 
gether  in  the  pencil  producing  the  colour,  wblhout  any  one 
fpecies  being  for  this  reafon  more  abundant.  Strictly  (peak¬ 
ing,  all  the  elements  of  the  pencil  are  difliinilar  ;  and  con- 
fequently  no  one  exifts  in  it  in  greater  quantity.  But  the 
general  tone  of  colour  remains  analogous  to  that  of  the  rays 
ltyled  predominant  ;  tor  w'hich  reafon  it  is  well  to  retain  the 
term,  provided  it  be  not  taken  in  an  exaggerated  fenfe. 

The  author  has  hkewife  obferved  tranfparent  bodies,  fpeh 
as  coloured  glafs  of  different  forts,  and  liquors  contained  in  a 
bottle  with  twTo  broad  parallel  tides.  For  lliefe  he  found  the 
fame  law  of  abforption  as  for  opake  bodies,  but  lull  more 
marked,  and  free  from  all  doubt. 

This  law  is  conftant  and  regular.  It  depends  on  the  nature 
of  the  body  receiving  the  light,  its  denfity,  and  its  thicknels. 
It  is  like  wife  modified  by  the  intenfity  of  the  light  of  the  il¬ 
luminating  body,  and  the  kind  of  rays  that  compote  this 
light.  _  .  V  v  „  K  .  a 

The  abforption  always  commences  with  the  ravs  mofl 
oppoflte  to  the  predominant  colour  of  the  body  illumined,  it 
goes  on  to  thofe  which  come  next  in  the  fpe&rum  ;  and  thus 
proceeds  regularly  from  one  order  of  rays  to  the  next  in  fuc. 

ceflion. 


Tranfparent 
bodies  follow  the 
feme  law  of 
ablorpticn. 


Its  modifica¬ 
tions. 


P  ogrefs  of  the 
abforplk-n  of 
rays. 
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ceffion,  never  by  fils,  till  it  reaches  the  lafb  In  confeqnence 
the  body  grows  darker  and  darker,  and  always  finifhes  with 
becoming  black.  Sometimes  it  extends  only  on  one  tide  from 
the  rays  firft  abforbed  ;  at  other  times  on  both  fides  at  once, 
and  either  with  equal  pace,  or  more  rapidly  on  one  tide  than 
on  the  other. 

If  we  vary  each  particular  that  affects  the  experiment  fepa-  Change  of dr- 
rately,  we  fhall  have  a  diOinct  progreffion  of  refults.  That 
depending  on  the  denfity  of  the  fubfiance  is  riot  always  fimilar 
to  that  arifing  from  change  of  thicknefs.  In  receiving  light 
of  different  kinds  too  on  the  fame  inbftance,  the  progrefs  of 
abforption  is  differently  modified,  and  confequenlly  the  colours 
changed. 

Our  author  adduces  infiances  of  all  thefe  cafes.  He  takes  % 

them  from  the  numerous  experiments  he  has  made  with 
coloured  glals,  acid,  or  alcaline  folutions  of  metals,  and  fluids 
tinged  by  the  infufion  or  decoHion  of  vegetable  iubfiances. 

Thefe  exhibit  curious  particularities,  but  we  fhall  not  here 
relate  them,  both  for  the  fake  of  brevity,  and  becaufe  it  is 
eafy  for  any  perfon  to  obferve  them,  when  once  the  track  is 
pointed  out. 

From  all  thefe  obfervations  taken  together,  many  very  im~  May  lead  to  the 
portant  confequences  refpecting  the  reciprocal  aft  ion  of  bodies 
and  light  on  each  other  are  drawn;  and  perhaps  at  fome 
future  period  they  will  tend  to  elucidate  the  grand  queflion 
concerning  the  caufe  to  which  their  permanent  colours  are  to 
be  afcribed. 

After  thefe  hints,  the  author  dedicates  a  concluding  para- Colour  of  bodies 
graph  to  the  examination  of  feveral  phenomena  of  different  ^lar'els'of  in- 
kinds.  He  points  out  the  modifications  that  coals  heated  to  candefcence. 
different  degrees  of  incandefcence  undergo  in  their  colours. 

His  remarks  apply  to  other  fubffances  likewife,  as  iron  in  the  Lamps  feen 
Fate  of  ignition,  a  long  row  of  lamps  with  reverberators  feen  SuTthroITgb* 
through  a  fog,  or  a  white  light  feen  through  a  glafs  blackened  fmoaked  glafs, 
by  progreffive  applications  of  fmcke.  In  all  thefe  cafes  the 
colours  necelfarily  pafs  through  a  feries  of  tints  from  white  to 
yellow,  orange,  and  red  of  a  deeper  and  deeper  fhade,  the 
reafon  of  which  he  gives.  < 

Metallic  oxides  too  have  a  gradation  of  tints,  according  to  Colours  of  me. 
their  proportion  of  oxigen,  A  certain  continued  change  in  to 

vegetation  the  oxigen. 
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Of  flowers,  See. 


UTe  to  the  m«- 
nufadturer. 


Coloured  clouds. 


Owing  to  ab¬ 
sorption  of  light, 
nspt  to  refradtion 


Order  of  ab 
forption. 


Sun-fet. 


Blue  and  greets 
Shadows, 
owing  to  con¬ 
trail. 


vegetation  produces  the  fame  effedt  on  fome  parts  of  plants. 
The  arts  and  chemical  precedes  exhibit  the  fame  in  a  multi¬ 
tude  of  circumffances. 

Hence  the  manufacturer  may  derive  with  advantage  indica¬ 
tions  either  of  the  progrels  of  combinations,  or  of  the  proper 
inftant  for  executing  certain  parts  of  his  operations. 

Our  author  next  enters  more  particularly  into  the  appear¬ 
ance  ot  coloured  clouds,  particularly  thofe  we  fee  about  the 
riling  and  fetting  of  the  fun.  This  phenomenon  fo  generally 
known,  had  hitherto  remained  without  explanation,  though 
this  had  been  attempted  by  natural  philofophers  of  the  firft 
rank. 

It  is  not  owing  to  the  refraction  of  the  folar  rays,  but  to  the 
fucceflive  abforption  ol  them,  when  they  ftrike  on  the  inferior 
parts  of  the  atmofphere,  which  are  more  loaded  with  vapour. 

I  his  abforption  follows  laws  analogous  to  thole  already  men¬ 
tioned.  The  quantity  ol  vapours,  and  even  their  nature  not 
being  the  fame  every  day,  produce  correfponding  differences 
in  their  effects,  / 

Commonly  the  firff  rays  attacked  by  thefe  vapours  are  the 
blue  adjacent  to  the  violet.  Soon  atier  they  attack  the  con¬ 
tiguous  rays,  gaining  with  more  rapidity  the  blue  properly  fo 
called;  then  the  green,  the  yellow,  and  thus  proceeding  to 
the  red.  Hence  the  yellowifh,  orange,  and  red  colours 
exhibited  by  the  clouds.  This  period  of  tints,  the  evening 
for  example,  difplays  itfelf  gradually  as  the  fun  approaches 
the  horizon.  The  lame  hues  tinge  terreffrial  objects,  the  part 
of  the  air  neareff  the  fun,  and  this  luminary  itfelf.  According¬ 
ly  when  we  can  receive  its  rays  on  a  prifm,  we  perceive  that 
the  rays  actually  abforbed  correfpond  to  the  general  tint  of 
the  moment. 

brom  the  fucceflive  increafe  of  the  vapours  traverfed  by 
the  light  in  thicknefs  and  denfity,  it  follows  likewife,  that  at 
the  fame  inflant  clouds  differently  placed  mull  be  clothed  in 
different  hues.  The  higheft  may  be  white,  while  others  not 
fo  high  are  yellow,  and  others  flill  lower  proportionately  more 
red.  At  equal  elevations  thofe  furtheff  from  the  point  where 
the  fun  fets  will  incline  to  red,  and  thofe  neareff  it  to  yellow. 

We  may  then  fee  blue  or  green  Ihadows  on  bodies  naturally 
white,  as  Buffon  and  other  philofophers  have  obferved.  Thefe, 
3s  has  been  faid,  are  nothing  more  than  the  effect  of  contrail 

between 
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between  the  actual  colour  of  the  part  enlightened,  and  that 
of  the  part  in  thade. 

Contrails  may  likewife  render  the  colour  of  the  cloud?  com-  Contrafts  affc& 

.  r  ,  a  A  r  the  colour  of  Uit 

plicated,  as  tor  inttance,  when  a  great  portion  oi  the  Iky  an-  c]0U£js. 
plays  its  blue  tint.  There  are  lome  clouds,  the  colour  of 
which  ariles  folely  from  this  caufe  ;  and  iuch  may  be  leen  at 
times  in  the  middle  of  the  day,  when  we  have  a  lolty  moun¬ 
tain  at  our  back,  or  are  in  any  other  lituation  where  the  eye 
is  defended  from  the  too  powerful  action  of  the  iolar  light, 
either  direct  or  reflected  ;  but  in  this  cafe  the  clouds  have 
only  a  yellow ifh  tinge,  precilely  the  complementary  colour 
ot  iky  blue. 

Sometimes  we  fee  the  moon  of  a  limilar  colour,  when  The  Moon, 
it  is  very  high,  a  little  before  or  alter  the  lun  paffes  the 
the  horizon :  farther  it  appears  thus,  or  even  completely 
white,  when  clouds  varioully  coloured  by  the  vapors  of  lun- 
fet  or  fun-rife  exift  in  the  air  at  the  lame  time,  from  this 
concurrence  of  circumlfances  we  have  a  new  proof  ot  the 
difference  of  caufe  -  to  which  thefe  colours  are  owing. 

jLadly  let  us  remark,  that  from  the  irregularity  of  the  earth’s 
furface,  and  of  the  hale  of  the  atmofphere,  the  phenomena 
are  liable  to  be  concealed  or  fubje&ed  to  various  interruptions. 

In  our  climate  the  colouring  of  the  clouds  feldom  reaches  its 

la  ft  llage.  On  feme  evenings  however,  when  the  Iky  is  very  Red  cloud* 

clear  toward  the  part  where  the  Sun  fets,  while  light  clouds  overhead  at 

float  very  high  over  our  heads,  we  mail  lee  thele  at  a  lub- 

lequent  period  appearing  of  a  very  light  red,  heightened  by 

the  diminution  of  light  on  the  earth,  loon  alter  oblcured,  and 

at  length  becoming  extincl  in  (hade. 

Conclufion .  , 

I'v  otwithflanding  the  many  beautiful  difeoveries  already  The  theory  of 
made  refpefting  light,  the  theory  of  the  produ&ion  of  colours  ,m^r 

has  not  vet  attained  a  degree  of  generalization  that  renders 
it  applicable  to  all  cales,  or  that  fimplicity  of  principles  to 
which  we  are  aimed  always  led  when  we  have  difeovered  the 
real  laws  of  nature.  Many  phenomena  have  eluded  ex¬ 
planation,  and  that  given  of  feveral  requires  correction.  Our 
author  has  propofed  to  edablilh  alterations  in  the  theory,  the 
neceiTity  of  which  he  points  out.  He  tupports  his  principles 
partly  by  the  doctrine  and  fafts  generally  admitted ;  partly 

by 


INJURIOUS  MANUFACTOJUIJ, 


others  lets  common!)'  known,  though  of  ancient  date;  and 
laftly  by  observations  of  his  own.  He  is  far  from  flattering 
himfelf,  however,  that  a  {ketch  like  the  prefent  exhibits  the 
matter  in  a  (uiiabJe  light ;  and  was  loon  aware  that  a  fubjefit 
fo  extend ve  and  fo  complicated  required  maturer  labours. 

The  yjthor  in-  I  o  fill  up  many  gaps,  unfold  various  points,  and  correal 
^e^fubied, 1UC  anf^  ex*end  others  by  farther  refearcbes,  new  experiments, 
and  profound  reflexions,  is  an  ample  field  of  improvement ; 
and  this  he  will  attempt,  if  his  powers  and  his  leilure  will 
permit. 

It  would  Jikewife  be  ofefuf,  as  well  as  juft,  to  give  at  the 
fame  time  an  abftracl  of  what  we  owe  to  the  genius  of  the 
great  Newton,  who  opened  the  career  in  foch  an  admirable 
manner,  and  to  (hole  philofophers  who  have  dilcovered  new 
faXs,  or  removed  difficulties.  Greater  precifion  ai fo  fhould 
he  introduced  into  the  language  which  we  employ  refpeXing 
colours,  proportionate  to  the  increafe  of  our  knowledge,  and 
the  aXuai  ftate  of  the  arts  and  Sciences.  Lafrly,  in  a  fubjeX 
like  the  prefent,  it  would  not  be  too  much  to  add  the  refources 
of  algebra  and  geometry  to  the  treafures  of  experiment,  and 
if  poffible  to  the  advantages  of  a  better  method. 


X. 

4  » 

Report  mude  by  the  Phyfical  and  Mathematical  Clafs  of  the  Injti- 
tute  in  Anjicer  to  the  Quejtion,  whether  thofe  Manufactories , 
from  which  a  dijhgreeable  Smell  arifes,  may  prove  injurious  to 
Health.  Read  in  the  Sitting  of  January,  1805,  by  Mejfr 
Gu  yton-Mok  veau  and  Chaptal.* 

The  minifter  of  the  home-department  has  confuted  the 
clafs  on  a  queflion,  the  folution  of  which  is  of  eflential  import 
to  our  manufacturers. 

.  *  * 

The  object  is  to  determine,  whether  the  vicinity  of  certain 
manufactories  can  be  injurious  to  health. 

I:*  importance,  The  folution  of  this  problem  mufl  appear  of  the  more  con- 
fequence,  as,  from  the  confidence  which  the  decifions  of  the 
Inftitute  naturally  merit,  it  may  hereafter  form  the  bafis  of 

*  Tran  Anted  from  the  AnnaUs  de  Cbimie,  vol.  LIV.  p.  86,  for 
April,  1803* 
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deeiftons  in  a  court  of  juftice,  when  fentence  is  to  be  pro¬ 
nounced  between  the  fate  of  a  manufactory  and  the  health  of 
our  fellow-citizens.  * 

The  folution  is  fo  much  the  more  important,  it  is  become  fo 
much  the  more  neceftary,  as  the  fate  of  the  mod  ufelul  efta- 
blifhments,  I  will  fay  more,  the  exigence  of  many  arts,  has 
depended  hitherto  on  fimple  regulations  ot  police;  and  that 
fome,  driven  to  a  diftance  from  materials,  from  workmen,  or 
from  conlumers,  by  prejudice,  ignorance,  or  jealoufy,  conti¬ 
nue  to  maintain  a  difadvantageous  ftruggle  again#  innumerable 
obftacles,  by  which  their  growth  is  oppofed.  *  - 

Thus  we  have  feen  manufactories  of  acids,  of  fal  ammoniac,  Manufactories 
of  Pruftian  blue,  of  beer,  and  of  leather,  fucce (lively  banifh-  objedted  to. 
ed  from  cities;  and  we  daily  fee  appeals  to  authority  again# 
theleefiablifhments  made  by  troublefome  neighbours  or  jealous 
rivals. 

As  long  as  the  fate  of  thefe  manufactories  is  infecure,  as  long  Difadvantage  of 
as  an  arbitrary  legiflation  poffelfes  a  right  to  interrupt,  fufpend,  n0  ^xe(^ 

or  fetter  the  hands  of  a  manufacture;  in  a  word,  as  long  as  a 
fimple  magiftrate  of  police  has  at  his  nod  the  fortune  or  ruin  of 
a  manufacturer,  how  can  we  conceive,  that  he  will  be  fo  im¬ 
prudent  as  to  engage  in  undertakings  of  luch  a  nature?  How 
could  it  be  expe&ed,  that  manufacturing  induffry  fnould  efta- 
blifh  itfelf  on  fuch  a  frail  bafis?  This  ftate  of  uncertainty,  this 
continual  conteft  between  the  manufacturer  and  his  neighbours, 
this  perpetual  doubt  refpecting  the  fate  of  an  eftablifhment, 
paralyfe  and  coniine  the  efforts  of  the  manufacturer,  and  gra¬ 
dually  extinguifh  both  his  courage  and  his  powers. 

It  is  an  object  of  primary  neceffity  therefore  to  the  prof- 
perity  of  the  arts,  that  lines  ihould  be  drawn,  fo  as  no  longer 
to  leave  any  thing  at  the  arbitrary  will  of  the  magiftrate;  to 
point  out  to  the  manufacturer  the  circle  in  which  he  may  exert 
his  induftry  with  freedom  and  fecurity,  and  to  atfure  the  neigh¬ 
bouring  proprietor,  that  he  has  nothing  to  fear  for  his  health, 
or  for  the  produce  of  his  fields. 

To  arrive  at  the  folution  of  this  important  problem,  it  ap¬ 
peared  to  us  indifpenfable,  that  w-e  fhould  take  a  view'  of’ each 
of  the  arts,  again#  which  the  mod  clamour  has  been  raifed. 

With  this  view  we  (hall  divide  them  into  two  claftes.  The  Clarification 
firft  will  comprife  all  thofe,  the  proceffes  of  which  allow  aeri>  ^ 
form  emanations  to  efcape  from  them  into  the  atmofphere,  either 
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I  ft  clafs. 


2d  clafs* 


I  ft  clafs  injuri 
ous  to  health. 


in  confequence  of  putrefa6lion  or  fermentation,  which  may  he 
deemed  nuilances  from  their  fmell,  or  dangerous  from  thei^ 
effects. 

I  he  (econd  clafs  will  include  all  thofe,  in  which  the  artift, 
operating  by  the  aid  of  fire,  deveiopes  and  evolves  in  air  or 
vapour  various  principles,  which  are  more  or  let's  difagreeable 
to  ret  pi  re,  and  reputed  more  or  lefs  injurious  to  health. 

In  the  firfi  clafs  we  may  advert  to  the  fieeping  of  flax  and 
hemp,  the  making  ot  catgut,  fbughter-houfes,  fiarch-manu- 
faclories,  tanneries,  breweries,  &c. 

In  the  (econd,  the  difiillation  ot  acids,  of  fpirits,  and  of 
animal  lubfiance  ;  gilding  on  metals,  preparations  of  lead, 
copper,  and  mercury,  8cc. 

The  arts  of  the  firfi  clafs,  confidered  in  relation  to  the  health 
of  the  public,  merit  particular  attention,  becaufe  the  emana¬ 
tions  that  proceed  from  fermentation  or  putrefaction  are  really 
injurious  to  health  in  tome  cafes,  and  under  certain  ciicum- 
Steeping  hemp,  fiances:  the  tieeping  of  flax  and  hemp  for  in  fiance,  which  is 
performed  in  ponds  or  ftill  waters,  intedts  the  air  and  kills 
fithes;  and  (Ire  difeates  to  which  it  gives  rife  are  all  known 
and  deferibed:  Accordingly  wife  regulations  have  almoft 
every  where  enjoined,  that  this  operation  fiiould  be  car¬ 
ried  on  without  the  precindts  of  towns,  at  a  certain  difiance 
from  every  dwelling,  and  in  waters,  the  fifii  of  which  con  ft  i- 
tute  no  refource  for  the  public.  Thele  regulations  unqueftion- 
ably  ought  to  be  continued  ;  but  as  the  execution  of  them  is 
attended  with  (ome  inconvenience,  it  is  to  be  wifhed,  that 
the  procefs  of  Mr.  Brale,  the  fuperiority  of  which  has  been 
confirmed  by  MefTrs.  Mongez,  Bertliollet,  Tetlier,  and  Molard, 
fiiould  foon  become  known  and  adopted. 

Other  operations  on  vegetables,  or  certain  products  of  ve¬ 
getation,  to  obtain  fermented  liquors,  as  in  breweries;  toextradl 
colours,  as  in  the  manufadtures  of  litmus,  archil,  and  indigo; 
or  to  dived:  them  of  (ome  ot  their  principles,  as  in  manufac¬ 
tories  of  fiarch,  pper,  &c.  do  not  appear  to  us  of  fuch  a  na¬ 
ture  as  to  be  capable  of  exciting  any  difquietude  in  the  mind 
of  the  magiftrate.  At  all  events  the  emanations  arifing  from 
thefe  (ubftances  in  a  date  of  fermentation  can  prove  dangerous 
only  near  the  veflels  and  apparatus  in  wdiich  they  are  con- 
fined,  ceafing  to  be  fo  the  moment  they  are  mingled  with  the 
open  air;  fo  that  a  little  prudence  only  is  required,  to  avoid  all 

danger 
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danger  from  them.  Befides,  the  danger  affeCb  only  the  ma¬ 
nufacturers  themlelves,  and  by  no  means  the  inhabitants  of  the 
neighbouring  houfes,  fo  that  a  regulation  enjoining  thefe  ma¬ 
nufactories  to  be  removed  out  of  towns,  and  to  a  diftance  from 
any  dwelling-houfe,  would  be  an  act  of  authority  both  unjuft, 
vexatious,  and  injurious  to  the  progrefs  of  manufactures,  and 
in  no  refpect  a  remedy  for  the  evils  attending  the  operation. 

Some  preparations  extracted  from  animal  lubfiances  require  Catgut* 
the  putrefaction  of  thefe  fubttances,  as  in  the  fabrication  of 
catgut;  but  it  is  more  frequently  the  cafe,  that  animal  fub- 
ftances  employed  in  manufactures  are  liable  to  putrefaction  from 
being  kept  too  long,  or  expofed  to  too  great  warmth,  as  we 
particularly  find  in  dyeing  cotton  red,  a  procefs  in  which  a  Dyeing  cottoa 
large  quantity  of  blood  is  employed.  The  miafmata  exhaled  re<*‘ 
by  thefe  putrid  matters  fpread  far  round,  and  form  a  very  dif- 
agreeable  atmofphere  for  all  the  neighbourhood  to  breathe;  it 
is  the  part  of  a  good  government,  therefore,  to  caufe  thefe 
lubltances  to  be  renewed  fo  as  to  prevent  putrefaction,  and 
the  manufactory  to  be  kept  fo  far  clean,  that  no  refufe  of  the 
animal  fubftances  employed  fhall  be  left  (o  rot  in  them. 

In  this  laft  point  of  view  (laughter -houfes  exhibit  fome  in-  Slaughter- 
con  venimcies ;  but  thev  are  not  of  lufficient  importance  to  re-  houks, 
quire  them  to  be  placed  without  the  precinCts  of  towns,  and 
alfemble  i  together  in  one  fpot,  as  fpeculative  men  are  daily 
propoting  to  government.  A  little  attention  on  the  part  of 
the  magiflrate,  to  prevent  butchers  from  throwing  out  the  blood 
and  refuie  of  the  be  ..is  they  kill,  would  be  fufficient  to  remedy 
completely  every  thmg  difguftmg  or  unhealthy  arifing  from 
flaughter-houfes. 

The  fabrication  '  p  mdrette  (night-foil  dried)  begins  to  be  Poudrette, 
efiaoldhed  in  ai!  large  towns  of  France,  and  the  operation 
by  whicn  excre  ntitious  fubliances  are  reduced  to  this  hate, 
neceflarily  occcitms  a  very  difagreeable  fmell  for  a  long  time. 

Ettabldli  uents  <>{  thi^  kind  therefore  ought  to  be  confined  to 
air\  places,  re  ;OLe  from  any  habitation;  not  that  we  confider 
the  aeriform  exhalations  from  them  as  injurious  to  health;  but 
no  one  tan  deny,  that  they  are  incommoding,  noifome,  dil- 
agreeable,  ant  difficult  fo  breathe,  on  all  which  accounts  they 
ought  to  be  removed  to  a  dittance  from  the  dwellings  of  men. 

There  is  a  very  important  obfervation  to  be  made  on  the  Animal  putr«- 
fpomaneous  ctecompoliiion  of  animal  lubltances,  which  is,  *aftl0n  danger- 

•  ous  only  in  pr<N 

J  that  portion  to  its 
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Sulphuric  acid. 
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that  the  emanations  from  them  appear  to  be  fo  much  the  lefs 
dangerous,  as  the  fubftances  which  undergo  putrefaftion  are  lets 
humid:  in  the  latter  cafe,  a  conliderable  quantity  of  carbonate 
ot  ammonia  is  evolved,  which  imparts  its  predominant  charac¬ 
ter  to  the  other  matters  volatilifed,  and  corrects  the  bad  cffedts 
of  fuch  as  are  deleterious.  Thus  the  decompofition  of  fter- 
coraceous  matters  in  the  open  air,  and  in  places  the  filuation 
and  declivity  of  which  allow  the  fluids  to  drain  ofF,  and  that 
of  the  refute  of  the  cocoons  of  the  lilk-worm  evolve  a  vaft 
quantify  of  carbonate  of  ammonia,  which  corredfs  the  virus 
of  fome  other  emanations;  while  the  very  fame  fubftances, 
decompofed  in  water  or  drenched  with  this  fluid,  exhale  fwect- 
ifli  and  naufeous  miafmata,  the  refpiration  of  which  is  very 
dangerous. 

The  numerous  arts  in  which  the  manufadlurer  produces  and 
diflufes  in  the  air,  in  confequence  of  his  proceffes  and  by  the 
help  of  fire,  vapours  more  or  lets  difagreeable  to  breathe,  con- 
ftitute  the  fecond  clafs  of  thole  we  have  to  examine. 

Thefe,  more  inlerefling  than  the  former,  and  much  more 
intimately  connedted  with  the  profperity  of  our  national  in- 
duftry,  are  flill  oftener  the  fubject  of  complaints  brought  be¬ 
fore  the  magiftrate  for  decifion,  and  on  this  account  have  ap¬ 
peared  to  us  to  require  more  particular  attention. 

We  will  begin  our  examination  with  the  manufacture  of 
acids. 

The  acids  that  may  excite  complaints  of  the  neighbours 
againft  their  preparation  are  the  fulphuric,  nitric,  muriatic  and 
acetous. 

The  fulphuric  acid  is  obtained  by  the  combuflion  of  a  mix¬ 
ture  of  fulphur  and  nitre.  It  is  very  difficult  in  this  proccfs  to 
prevent  a  more  or  lefs  obfervable  fmell  of  fulphurous  acid 
from  being  diffufed  around  the  apparatus,  in  which  the  com¬ 
buflion  is  performed;  but  in  manufadtories  fkil fully  condudted 
this  fmell  is  fcarcely  perceptible  within  the  building  itlelf,  is 
not  dangerous  to  the  workmen  who  refpire  it  daily,  and  can 
give  no  reafonable  foundation  for  complaint  to  the  neighbours. 
When  the  art  of  making  fulphuric  acid  was  introduced  into 
France,  the  public  opinion  was  flrongly  exprefled  againft  the 
fir  ft  eftablifhments  for  the  purpofe;  the  fmell  of  the  match 
with  which  we  kindle  our  fires  contributed  not  a  little  to  ex¬ 
aggerate  the  eftedt  that  muft  be  produced  by  the  rapid  cora- 
,  J  2  bullion 


injurious  manufactories; 
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buftion  oi  feveral  hundred  weight  of  brimftone;  but  men’s 
tears  on  this  head  are  now  to  much  allayed,  that  we  fee  fe¬ 
veral  of  thefe  manufactories  profpcr  in  peace  in  the  midfl:  of  / 
our  cities.  ",  ,  . 

I 

I  he  didillation  of  aqua  fo.rtis  and  fpirit  of  fait,  in  other  Aqua  fortk  r.*A 
words,  of  the  nitric  and  muriatic  acids,  are  not  more  danger- 
ous  than  that  of  (ulphuric  acid.  The  whole  of  the  procefs  is 
performed  in  an  apparatus  of  glafs  or  earthen-ware,  and  it  is 
unquedionably  the  great  intereft  of  the  manufacturer  to  dimt- 
nith  tiie  volatilization  or  lots  of  the  acid  as  much  as  potlibie. 

Yet,  let  him  pay  whatever  attention  he  will  to  this,  the  air 
breathed  in  the  manufactory  is  always  impregnated  with  the 
fmell  peculiar  to  each  of  thefe  acids;  but  you  may  refpire  there 
freely  and  fafely,  the  men  who  work  in  it  daily  are  not  at  all 
incommoded  by  it,  and  the  neighbours  would  be  very  much  in 
the  wrong  to  complain. 

Since  the  manufactories  of  white  lead,  of  verdigri*,  and  of  Vinegar, 
fugar  of  lead  have  increafed  in  France,  the  demand  for  vine¬ 
gar  has  been  enlarged. 

When  this  acid  is  diftii’ed,  to  fit  it  for  fome  of  the  purpofes  DlftHled  r.ir- 
fbr  which  it  is  ufed,  it  diffules  to  a  distance  a  very  ftrong  fmellgar* 
of  vinegar,  in  which  there  is  no  danger;  but  when  a  fblution 
of  lead  in  this  acid  is  evaporated,  the  vapours  alTume  a  fweet- 
ifii  character,  and  produce  in  thofe  who  refpire  them  conftantly  .  .. 

all  the  effects  peculiar  to  the  emanations  of  lead  itfelf.  Hap¬ 
pily  thele  effeCts  are  confined  to  the  people  who  work  in  the 
manufactory,  and  are  unfelt  by  thofe  who  dwell  in  the  vici¬ 
nity.  -  ,  r 

The  preparations  of  mercury  and  of  lead,  thofe  of  copper,  Mineral  pre- 
antimony,  andarfenic,  and  the  pcoceifes  of  gilding  on  metals,  para?ons»  **** 
arc  none  of  them  without  lome  danger  to  the  perfons  who  re-~C^ 
ilde  in  thofe  manufactories,  and  are  concerned  in  the  opera¬ 
tions;  but  their  effects  are  bounded  by  the  walls  within  which 
they  are  carried  on,  and  are  dangerous  only  to  the  perfons 
concerned  in  the  manufactories.  It  is  an  objeCt  well  worthy 
the  attention  of  chemifts,  to  investigate  the  means  of  prevent¬ 
ing  thefe  injurious  effeCts,  and  indeed  many  of  the  inconveni- 
«ncies  have  already  been  prevented  by  the  help  of  chimneys, 
which  convey  the  vapours  into  the  air  out  of  the  reach  of  res¬ 
piration;  andatprefent  the  whole  attention  of  adminiftration 

ought 
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ought  to  be  confined  to  directing  fcience  toward  the  means  of 
improvement  of  which  thefe  procefles  are  fufceptible  with  re¬ 
gard  to  health. 

The  fabrication  of  Pruflian  blue,  and  the  extraction  of  car¬ 
bonate  of  ammonia  by  the  diffillation  of  animal  fubftances  in 
the  new  manufactories  of  lal  ammoniac,  produce  a  large 
quantity  of  fetid  vapours  or  exhalations.  Thefe  exhalations, 
it  is  true,  are  not  injurious  to  health;  but  as  it  is  not  fufficient 
to  conftitute  a  good  neighbour,  not  to  be  a  dangerous  one 
merely,  but  not  even  to  be  a  difagreeable  one,  they  who  un¬ 
dertake  fuch  manufactures,  when  they  have  to  feek  a  fituation 
for  them,  fhould  prefer  one  remote  from  any  dwelling-houfe. 
But  when  fuch  a  manufactory  is  already  eftablifhed,  we  would 
be  far  from  adviling  the  magiftrale  to  order  its  removal:  it 
would  be  fufficient  in  fuch  cafes,  to  oblige  the  manufacturer  to 
build  very  high  chimneys,  that  the  difagreeable  vapours  pro¬ 
duced  in  thefe  operations  may  be  diflipated  in  the  air.  This  is 
particularly  practicable  for  the  fabrication  of  PrulTian  blue,  and 
by  adopting  it  one  of  our  number  has  continued  to  retain  in 
the  midft  of  Paris  one  of  the  raoft  important  manufactories  of 
this  kind  we  have,  againft  which  the  neighbours  had  already* 
leagued. 

In  the  report  we  lay  before  the  clafs  we  have  thought  it  our 
duty  to  attend  only  to  the  principal  manufactories,  againft 
which  violent  clamours  have  been  raifed  at  divers  times  and 
places.  It  is  eafy  to  fee,  from  what  has  been  faid,  that  there 
are  but  few  the  vicinity  of  which  is  injurious  to  health. 

Hence  we  cannot  too  ftrongly  exhort  thofe  magiftrates  who 
have  the  health  and  fafety  of  the  public  committed  to  their 
charge,  to  difregard  the  unfounded  complaints,  which,  too 
frequently  brought  againft  different  eftabiifhments,  daily  threat¬ 
en  the  profperity  of  the  honeft  manufacturer,  check  the  pro- 
grefs  of  induftry,  and  endanger  the  fate  of  art  itfelf. 

The  magiftrate  ought  to  be  on  his  guard  againft  the  pro¬ 
ceedings  of  a  reftlefs  or  jealous  neighbour;  he  fhould  carefully 
diftinguifli  what  is  only  difagreeable  or  inconvenient  from  what 
is  dangerous  or  injurious;  he  fhould  recollect  that  the  ufe  of 
pit-coal  was  long  prescribed,  under  the  frivolous  pretence  that 
it  was  injurious  to  health;  in  fhort,  he  fhould  be  fully  aware 
of  this  truth,  that,  by  liftening  to  complaints  of  this  nature, 
not  only  would  the  eftabliflunent  of  f'cveral  ufeful  arts  in  France 
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be  prevented,  but  we  (hould  infenfibly  drive  out  of  our  cities 

the  farriers,  carpenters,  joiners,  braliers,  coopers,  founders,  Difagreeable 

weavers,  and  all  whofe  occupation  is  more  or  lefs  difagreeable 

to  their  neighbours.  For  certainly  the  employments  juft:  time. 

named  are  more  unpleafant  to  live  near  than  the  manufactories 

mentioned  above,  and  the  only  advantage  they  enjoy  is  that 

of  ancient  practice.  This  right  of  toleration  has  been  efta- 

blifhed  by  lime  and  neceffity  ;  let  us  not  doubt  therefore,  but 

our  manufactures,  when  grown  older  and  better  known,  will 

peaceably  enjoy  the  lame  advantage  in  fociety;  in  the  mean 

time  we  are  of  opinion,  that  the  clafs  ought  to  avail  itfelf  ot 

this  circum dance,  to  put  them  in  a  particular  manner  under 

the  protection  of  government,  and  declare  publicly,  that  the 

manufactures  of  acids,  lal  ammoniac,  Pruffian  blue,  fugar  of  Manufacture* 

n  ,  ii,  11  n  i  not  injurious  to 

lead,  white  lead,  ltarcn,  beer,  and  leather,  as  well  as  llaugh-  health. 

ter-houfes,  are  not  injurious  to  the  health  ot  the  vicinity,  when 

they  are  properly  conducted. 

We  cannot  fay  as  much  for  the  Peeping  of  hemp,  making  Injurious  manu- 
catgut,  lay  (tails,  and  in  general  eftablifhments  where  a  large  ^ures* 
quantity  of  animal  or  vegetable  matter  is  fubjeCted  to  humid 
putrefaction.  In  all  thefe  cafes,  befide  the  difagreeable  fmell 
they  exhale,  miafmata,  more  or  lefs  deleterious,  are  evolved. 

We  mult  add,  that,  though  the  manufactories  of  which  we  Manufactures 
have  already  fpoken,  and  which  we  have  confidered  as  not  in- 
jurious  to  the  health  of  the  neighbourhood,  ought  not  to  beftriCtions. 
removed,  yet  adminiftraiion  fhould  be  requefted  to  watch  over 
them  ftriCtly,  and  confult  with  well-informed  perfons  for  pre¬ 
scribing  to  the  conductors  the  moft  proper  meafures  for  pre¬ 
venting  their  fmoke  and  fmell  from  being  diffufed  in  the  vici¬ 
nity.  This  end  may  be  attained  by  improving  the  proceftfesof 
the  manufactures,  ratting  the  outer  walls,  fo  that  the  vapours 
may  not  be  diffufed  among  the  neighbours;  improving  the 
management  of  the  fires,  which  may  be  done  to  fuch  a  point, 
that  all  die  fmoke  (hall  be  burnt  in  the  fire-place,  or  depofited 
in  the  tunnels  of  long  chimneys;  and  maintaining  the  utmoft 
cleanlinefs  in  the  manufactories,  fo  that  nothing  fhall  be  left  to 
putrify  in  them,  and  all  the  refufe  capable  of  fermentation  be 
loft  in  deep  wells,  and  prevented  from  any  way  incommoding 
the  neighbours. 

VVe  fhall  obferve  too,  that  when  new  manufactories  of  New 
Pruflian  blue,  lal  ammoniac,  leather,  ftarch,  or  any  other  ar- 
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tide  by  which  vapours  very  inconvenient  to  the  neighbours, 
or  danger  oi  fire  or  explodons  are  to  be  effablifhed,  it  would 
be  wife,  juft,  and  prudent,  to  lay  down  as  a  principle,  that 
they  are  not  to  be  admitted  into  cities,  or  near  dwellings. 
Without  (pecia!  authority;  and  that,  if  perfons  neglect  to 
Comply  with  this  indifpenfable  condition,  their  manufactories 
may  be  ordered  to  be  removed  without  any  indemnification. 

It  follows  from  our  report,  iff,  that  catgut  manufactories, 
lay  flails,  jfteeping  of  hemp,  and  every  effablifhment  in  which 
animal  or  vegetable  matters  are  heaped  together  to  putri f\  in 
large  quantities,  are  injurious  to  health,  and  ought  to  be  re¬ 
mote  from  towns  and  every  dwelling  houfe:  2dly,  that  ma¬ 
nufactories  where  difagreeable  fmells  are  occafioned  through 
the  aCtion  of  fire,  as  in  the  making  of  acids,  Prufiian  blue, 
and  fa!  ammoniac,  are  dangerous  to  t he  neighbours  only  from 
want  of  due  precautions,  and  that  the  care  of  government 
fhould  extend  only  to  an  aCtive  and  enlightened  fuperintend- 
ance,  having  for  its  objects  the  improvement  of  their  proceffes 
and  of  the  management  of  the  tire,  and  the  maintenance  of 
cleanlinefs:  3d!y,  that  it  would  be  worthy  a  good  and  wife 
government,  to  make  regulations  prohibiting  the  future  efta- 
bhfhment  of  any  manufacture,  the  vicinity  of  which  is  at¬ 
tended  with  any  efiential  inconvenience  or  danger,  in  towns 
or  near  dvvelling-houfes,  without  fpecial  authority  previoufly 
obtained.  In  this  clafs  may  be  comprifed  the  manufactories 
of  poudrette,  leather,  and  ftaroh  ;  foundries,  melting  houfes 
for  tallow,  daughter  houfes,  rag  vvarehoufes,  manufactories 
of  Prufiian  blue,  varnifh,  glue  and  fal  ammoniac,  potteries;, 
&c. 

Such  are  the  conclufions  which  we  have  the  honour  to  lay 
before  the  clafs,*  and  addrefied  to  government,  with  invita¬ 
tion  to  make  it  thebafe  of  its  decifions, 

*  Thcfe  conclufions  were  adopted  by  the  Inftitute. 
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XI. 

Fucti i  relative  to  the  Torpid  State  of  the  North  American  Alligator . 

By  Benjamin  Smith  Barton,  M.  D.  *. 

Ht  has  not,  I  think,  been  remarked  by  the  generality  of  the 
writers  on  natural  hitlory,  that  the  North  American  Alligator 
paffes  during  the  prevalence  of  cold  weather,  into  the  torpid 
Bate.  This  however,  is  unqueflionably  the  cafe  in  fome  parts 
of  the  continent. 

Mr.  Bolfu,  a  French  writer,  after  telling  ns  that  thefe  Account  by 
animals  are  numerous  in  the  Red  River,  one  of  the  weftern  rj0h^' 
branches  of  the  Miffilfippi,  fays,  “  they  are  torpid  during  the 
cold  weather,  and  lie  in  the  mud  with  their  mouths  open,  into 
which  the  fitli  enter  as  into  a  funnel,  and  neither  advance 
nor  go  back.  The  Indians  then  get  upon  their  backs,  and 
bill  them  by  flriking  their  heads  with  hatchets,  and  this  is  a 
Jkind  of  diverfion  for  them  f. 

Dr.  Fofter,  the  tranflator  of  the  work,  obferves  in  the  pre¬ 
ceding  paflage,  ((  that  the  circumflance  of  the  alligator's 
being  torpid  during  winter  is  quite  new,  and  very  remarkable 
for  natural  hiftory.”  It  feems  (he  adds)  almoft  all  the  clafs  of 
animals  called  amphibia ,  by  Dr.  Linnaeus,  when  found  in  cold 
climates  grow  torpid  during  winter. 

In  addition  to  the  authority  of  Mr.  Bo(Tu,  I  may  here  Another  ac- 
mention  the  following  fa£t,  which  was  communicated  to  me  Graham.  '* 
about  the  year  1785,  by  a  Mr.  Graham,  at  that  time  a  very 
intelligent  ftudent  of  medicine  in  the  Univerlity  of  Penn- 
fylvania. 

€(  The  alligator  having  previoufly  fwallowed  a  number  of  T^e  aibgator 

.  .  .  ,  .  ,  ,  ,  ,  .  .  ,  fsvallows  pine- 

pme-knots,  retires  to  his  hole,  w'here  he  remains  in  a  torpid  previous 
Bate,  during  the  deverity  of  winter.  If  killed  at  this  feafon,  t°  becoming 
thefe  knots  are  found  highly  polifhed  by  their  trituration  one  tort  ‘ 
againft  the  other  in  the  animal's  flomach,  as  I  have  more 
than  once  heard  from  men  of  undoubted  veracity,  who  had 

*  From  <c  the  Philadelphia  Medical  and  Phyfical  Journal”.  Col¬ 
lected  and  arranged  by  jBen,  Smith  Barton,  M.  D.  It  is  publilhed 
in  half  yearly  Numbers,  the  firft  of  which  appeared  in  November, 

1804. 

f  Travels  through  that  part  of  North  America  formerly  called 
Louifiana.  Englifh  Tranflation,  Vol.  I.  p,  367,  London  1771. 
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been  concerned  in  the  fact.  Indeed  this  is  fo  notorious  in 
thofe  parts  in  which  thefe  creatures  abound,  that  the  digeftion 
of  the  alligator’s  ftomach  is  proverbial  amongft  the  multitude, 
who  deride  its  infipidity  in  the  choice  of  (uch  food,  though,  X 
prelume,  this  it  does  inftin&ively,  for  fome  purpofe  unaccounted 
for  by  naturalifts;  and  which,  perhaps  is  beyond  the  limits  of 
human  ken.” 

The  fa6t  related  by  Mr.  Graham,  relates  to  the  alligator  of 
the  Carolinas,  in  which  parts  of  the  United  States  this  animal 
is  very  common.  By  another  gentleman  I  have  been  in¬ 
formed,  that  the  pine  knots  which  the  alliga  ors  fwallow  are 
generally  fuch  as  are  very  abundant  in  turpentine.  I  have  alfo 
been  allured,  by  my  friend  Mr.  William  Bartram,  that  he  has- 
feen  a  brick-bat  which  was  taken  out  of  the  ftomach  of  an 
alligator,  and  that  it  was  worn  quite  round. 

Mr.  Lawfon  fays,  that  the  alligator  is  not  feen  to  the  North 
of  North-Carolina.  They  are  very  common  at  Cape-Fear  in 
latitude  34-.  One  twelve  feet  in  length  has  been  feen  at  this, 
place.  On  the  Atlantic  fide  of  (he  United  States  I  am  not 
able  to  trace  them  farther  than  the  *•  Alligator  Difmal  Swamp,” 
which  is  between  Edenton  and  Newbern  in  North-Carolina.. 
The  mouth  of  the  Red  River  in  latitude  31. 

Within  the  tract  of  country  juft  mentioned,  the  alligator- 
obeying  the  impulfe  of  the  climate,  paftes  into  the  torpid  ftate. 
In  North-Carolina  this  takes  place  about  the  middle  of 
November,  lboner  or  later,  according  to  the  ftate  of  the 
feafon.  Whether  the  animal  becomes  torpid  in  more  Southern 
parts  of  the  Continent,  1  have  not  been  able  to  learn.  On 
the  river  St.  John  in  Eaft  Florida,  they  have  been  feen  awake 
even  in  the  middle  of  winter,  but  it  was  remarked  that  they 
teemed  dull  and  ftupid.  It  has  alfo  been  obferved,  that  they 
are  accuftomed  to  frequent  the  warm  fpiings  which  are  fo 
abundant  in  this  part  of  the  Continent  ;  and  that  they  are 
fond  of  lying  in  thefe  fprings.  Perhaps  the  heat  of  thefe 
tprings  may  be  fufficient  to  prevent  them  from  becoming  torpid. 
But  it  muft  be  obferved,  that  a  deficiency  of  heat  is  not  the 
only  caufe  of  the  torpid  condition  of  animals. 

It  may  not  perhaps  be  an  eafy  talk  to  aftign  a  fatisfa&ory 
caufe  for  the  lingular  inftin&ive  appetite,  which  leads  the 
alligator,  before  going  into  the  torpid  ftate,  to  fwallow  pine- 
knots,  and  other  fomewhat  ftmilar  fubftances.  But  1  ap- 
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(prebend  that  tliefe  fubftances,  when  taken  in  by  the  animab 
a<5t  in  Tome  mealure  by  keeping  up  a  certain  degree  ot  action 
in  its  ftomach,  \nd  confequentl)  in  every  part  ot  the  lyftera, 
and  thereby  prevents  the  death  ot  the  animal,  which  might 
otherwise  be  deftroyed  by  the  long  continued  application  of 
cold.  Some  facts  mentioned  by  Dr.  Pallas,  though  they  re- 
fpect  a  very  different  family  of  animals,  render  this  conjecture 
not  a  little  plaufible*. 

This  fubjeCt  is  worthy  of  more  attention.  In  particular,  it 
will  be  well  to  enquire,  whether  the  alligator  does  (wallow 
pine-knots,  (tones,  &c.  in  thofe  parts  of  America  in  which  it 
does  not  pals  into  the  torpid  (late. 


XII. 

Obfervat'ions  and  Experiments  on  the  conducting  Poiver  of  Fluids . 
By  T.  S.  Tkaill,  M.  D.  From  the  Author. 

To  Mr.  NICHOLSON. 

SIR,  Liverpool ,  Sept.  10,  1805. 

Jf  you  think  the  following  obfervations  and  experiments 
worthy  of  a  place  in  your  excellent  Journal,  your  inferring 
them  will  oblige. 

Your  obedient  lervanf, 

J.  S.  TRAILL,  M.  D. 


Count  Rumford  was  the  fir  ft  who  maintained  that  fluids  Do6Irine  of 
are  abfolute  non-conduch>rs  of  caloric.  This  conclufton  he  ^°“nt 
•drew  from  the  interefting  fact  he  had  difcovered,  of  the  ex-  are  non-conduc- 
treme  flownefs  with  which  Ice  melted  when  a  ftratum  of  cold  tors  of  hear, 
water  was  interpofed  betwreen  it  and  the  heated  body.  He  controverted* 
imagines  that  it  was  always  melted  in  (uch  circumftances, 
either  by  currents  produced,  in  fome  of  them  by  changes  in 
fpecific  gravity,  or  by  the  tranfmiflion  of  caloric  through  the 
ftdes  of  the  containing  velfel.  The  experiments  of  this  illuf* 
irious  philolopher  have  roufed  the  attention  of  the  learned, 
and  to  the  united  labours  of  yourfelf,  of  Thomfon,  of  Dalton, 


and 
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and  of  Murray,  we  are  indebted  for  an  inveftigalion  of  the 
Count’s  opinions,  the  refult  of  which  teems  to  be,  that  fluids 
are  not  abfolute  non-condu6iors  of  caloric, 

Experiments  of  The  experiments  of  Dalton  and  Thomfon  have  proved,  that 

C  Nichcllfon'  aPPearances  °f  currents,  fuch  as  described  by  Rumford, 
and  Murray,  may  be  often  illufory  ;  and  from  thofe  of  Nicholfon,  and  from 

the  Count  ^  Murray's  firft  experiments,  we  have  ftrong  reafons  for  fup- 

poling,  that  the  temperature  was  affected  by  the  conducing 
power  of  the  fluids  employed;  but  in  my  opinion  the  experi¬ 
ments  of  Murray  with  a  cylinder  of  ice,  are  the  mod  com¬ 
plete  demonftration  of  this  contefled  point.  In  a  late  paper, 
inferted  in  the  Tranfa&ions  of  the  Royal  Society  of  London, 
Count  Rumford  endeavours  to  obviate  thefe  objections  to  his 
hypothefis,  in  his  ufual  ingenious  manner. 

It  is  not  appre-  Even  admitting  that  in  your  experiments  the  caloric  was 
cxperTmentof^C  *-ran^mi *-ted  folely  by  the  containing  veffel  (an  opinion  by  no 
Murray  could  be  means  probable),  and  that  currents ,  fuch  as  Rumford  describes, 
afiecud  by  cur-  have  a][  effe£t  he  attributes  to  them  in  certain  cafes  ;  flill 
the  experiments  of  Mr.  Murray  appear  to  me  incontrovert¬ 
ible.  It  was  not,  therefore,  without  furprife,  that  I  ob¬ 
served  him  ufe  the  following  argument  to  invalidate  their  re- 
fults :  “  When  that  veffel  is  conflruded  of  ice,  the  flowing 
**  down  of  the  water,  refulting  from  the  thawing  of  the  ice, 
*'  will  caufe  motions  in  the  liquid,  and  confequently  inaccu- 
"  racies  of  flill  greater  moment viz.  than  thole  produced 
by  the  condu&ing  powers  of  (he  Tides  of  the  velfel.  Now  the 
melting  of  the  ice  could  affect  the  thermometer  only  by  being 
itfelf  heated,  and  then  trickling  down  the  Tides  of  the  cy¬ 
linder  of  ice.  But  I  apprehend,  the  water  refulting  from  the 
melting  of  the  ice  could  not  gain  a  higher  temperature  than 
32°  F.  while  it  remained  in  contaCI  with  ice.  If  we  mix  even 
equal  parts  of  water  at  172°  and  ice,  we  do  not  find  that  the 
temperature  of  the  mixture  is  above  32*.  If  fuch  a  large 
quantity  of  water  cannot  maintain  its  temperature  in  contact 
with  ice,  can  we  fuppofe  that  luch  a  (mail  quantity  as  was 
formed  could  rife  to  a  higher  while  trickling  down  the  fldes 
of  a  thick  cylinder  of  ice. 

and  certainly  not  But  even  this  explanation  of  the  phenomenon  advanced  by 
cury  in  a  veffel  Count  Rumford,  is  entirely  inapplicable  to  the  experiment 
°Lce.  with  mercury;  for  the  drops  of  water  formed  could  not  pof- 

fibly  fink  in  a  fluid  fo  much  more  denfe,  nor  throw  it  into 
currents  which  could  reach  the  thermometer. 
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Befides  thofe  mofl  ingenious  experiments  devifed  by  Murray,  Proofs  that 

i  .  r  <*  ,  ,  .  ,  fluids  are  proper 

we  have  other  proofs  of  the  conducting  power  oi  liquids  in  conkiuaors. 

leveral  well  known  fads. 

1  Ji.  If  the  non-condufiinu;  power  of  liquids  have  any  mean-  i.  They  take  a 
ing,  it  mud  fignify  that  their  particles  are  incapable  of  corn-  ^ni" 

municating  to  each  other  the  temperature  they  have  acquired  mixing, 
by  ph_yfical  contact  with  foine  other  body,  whofe  temperature 
was  elevated.  If  this  were  true,  how  (hall  we  account  for 
the  mean  temperature  produced  by  mixing  equal  quantities 
of  hot  and  cold  water  ?  Rumford,  if  I  recoiled  aright,  has 
endeavoured  to  obviate  this  objection  to  his  hypothehs  by 
fuppoling,  that  it  is  only  an  intimate  mixture  of  hot  and 
cold  particles  which  takes  place  in  iuch  cafes.  If  this  were 
true,  we  fhould  expert,  from  the  rapid  motion  he  iuppofes 
the  currents  to  have  in  liquids  that  are  heated,  that  they 
would  foon  feparate  into  warmer  and  colder  lirata,  from  the 
difference  in  their  fpecific  gravities  :  This  however  is  not  the 
cafe:  The  whole  acquires  a  uniform  temperature. 

‘2d.  When  mercury  and  water  at  different  temperatures  ?•  More  parti- 
are  mixed,  an  interchange  of  caloric  takes  place.  From  the  ^nd  mercury, 
very  great  difference  of  their  fpecific  gravities  we  cannot 
fuppofe  that  every  particle  of  the  one  has  been  in  contad 
with  every  particle  of  the  other;  yet  they  foon  acquire  a 
common  temperature,  which  though  not  a  mean,  has  always 
a  conflant  relation  to  the  temperature  of  the  two  fluids  before 
mixture.  Does  not  this  indicate  a  conliderable  conducing 
power  in  thofe  liquids  ?  Indeed,  I  cannot  conceive  that  any 
interchange  of  temperature  could  take  place  in  fuch  cafes,  if 
the  particles  of'  the  liquids  were  incapable  of  communicating 
their  caloric  to  the  next  particles. 

‘.Wd.  The  beautiful  experiment  devifed  by  Rumfoyd,  in  3.  The  vefTd  is 

which  water,  in  a  glafs  tube,  was  made  to  boil  over  a  cake  t0°  3  con“ 

r  duct  or  to  ac- 

of  ice,  by  the  application  of  a  heated  body  to  the  upper  part  count  for  the 
of  the  containing  tube,  without,  for  a  very  long  time,  affeding  efrefts  urged 

,  .  .  r  rr  ■  ret  n  r  •  ,  .  •  ,  ,  1  3ga>nft  the  doc- 

the  ice,  is  a  lumcient  proof  or  the  llownefs  with  winch  glals  trjne  0f  C.  R. 
tranfmits  caloric,  and  clearly  indicates  that  the  (ides  of  the 
veil'd  in  feveral  of  the  experiments  of  the  above-mentioned 
philofophers,  could  not  be  the  (ole  conducting  medium. 

4M.  The  fixteenth  experiment  in  Rumford’s  feventh  efTay,  4*  Hot  water 
affords  another  argument  againft  his  opinion.  He  poured  j°es  ^ot^aif^ 
boiling  water  on  a  ftratum  of  cold  water,  which  refled  on  a  its  temperature 

cake  by  cunents* 
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5.  Heat  applied 
to  fluids  down- 
waids. 


Apparatus  for 
experiments  of 
tranfmitting 
beat  downwards 
through  fluids. 


Tnto  various  li  - 
quids  in  fuccef- 
fion  at  6yQ  F . 
a  cylinder  of 
metal  at  21a0 


cake  of  ice  in  the  bottom  of  a  jar;  he  found  that  near  the 
furface  of  the  ice  the  temperature  was  40°,  at  the  difiance  of 
three  inches  it  was  1.59°,  but  at  the  difiance  of  feven  inches 
it  only  160°.  Had  the  cold  water  acquired  its  elevation 
of  temperature  by  the  currents  produced,  or  by  the  fules  of 
the  vefTel,  we  ought,  I  apprehend,  to  have  found  the  tem¬ 
perature  fpreading  more  uniformly  :  but  though  the  firfi  four 
inches  only  differ  by  one  degree,  we  find  the  next  three  dif¬ 
fering  by  1  19  degrees. 

bth.  Il  liquids  were  abfolute  non-condudtors  of  caloric,  it 
v\oihd  neceffarily  follow,  (hat  when  caloric  was  applied  to  the 
upper  furface  of  different  liquids,  other  circumfiances  re¬ 
maining  unchanged,  and  provided  the  liquid  did  not  increafe 
in  fpecific  gravity  by  cooling,  equal  increments  of  temperature 
would  take  place  in  equal  times. 

ffrom  lev  era  I  experiments  it  is  probable,  that  fome  liquids 
conduct  caloric  more  rapidly  than  others.  The  following 
were  undertaken  with  a  view  to  afeertain  more  accurately 
tins  point  :  How  far  I  have  fucceeded  I  leave  you  to  judge  : 

A  cylindrical  vefTel  was  turned  out  of  wood,  having  its 
fides  0.5  inch  tnick  ;  its  height  four  inches,  and  its  diameter 
two.  It  lias  a  moveable  wooden  top  or  cover  perforated  with 
a  hole  in  its  centre  a  little  more  dian  an  inch  in  diameter,  into 
which  an  iron  cylinder  of  one  inch  in  diameter  could  be  eafily 
introduced.  This- cylinder  is  fupported  by  a  flight  flanch  or 
fhoulder-piece,  and  can  he  taken  up  by  means  of  a  firing  at¬ 
tached  to  its  top.  When  the  iron  bar  is  in  its  place,  its  flat 
lower  extremity  is  0.5  inch  difiant  from  the  bulb  of  a  delicate 
mercurial  thermometer  D  E,  which  is  fixed  by  wax,  in  a  hole 
perforating  the  cylinder  near  its  bottom.  This  thermometer, 
which  was  made  by  the  late  Ramfden,  has  a  lube  as  fine  as  a 
human  hair,  and  is  bended  to  a  right  angle,  fo  that  its  bulb 
and  part  of  its  ftem  lie  in  the  axis  of  the  wooden  cylinder. 
This  fhape  was  preferred,  becaufe  the  Item  could  be  little 
a  fie  died  by  the  caloric  tranfmitted  by  the  tides  of  the  vefTel, 
till  after  the  bulb  was  adied  on  by  the  caloric  of  the  iron  bar. 
A  variety  of  experiments  were  performed  with  this  apparatus 
in  the  following  manner:  The  temperature  of  the  room  being 
fieadily  67°  F.  during  the  trials,  a  kettle  of  water  was  kept 
boiling  over  the  fire  :  Its  temperature  was  between  211°  and 
212°,  and  into  this  the  cy  linder  of  iron  was  fuffered  to  re¬ 
main. 
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main,  at  each  experiment,  for  15  minutes.  The  liquid  to  be  and  the  rife  of 
examined,  and  all  the  apparatus  (but  the  iron  bar),  were,  at  ^ in cli  br¬ 
each  experiment,  afeertained  to  be  at  67°.  The  liquid  was  neath,  was  ob- 


ferved  in  three 


poured  into  the  wooden  velfel,  till  it  could  rile  0.1  inch  on 
*  ....  ,  minutes. 

the  tide  of  the  iron  cylinder  when  in  its  place;  The  wooden 
top  was  put  on,  and  the  iron  was  drawn  out  of  the  kettle 
of  boiling  water  by  means  of  the  attached  firing,  and  inftantly 
let  down  through  the  hole  of  the  cover.  The  time  the  ther¬ 
mometer  took  to  rife  through  three  degrees  (to  70°)  was  ac¬ 
curately  marked  by  means  of  a  ftop-watch,  and  the  refults  of 
my  experiments  on  feveral  fluids  are  exhibited  in  the  fol¬ 


lowing 


TABLE. 


-  . 

Liquids. 

Minutes. 

Seconds. 

1. 

Water,  - 

7 

*  5 

2. 

Milk  of  a  Cow, 

8 

25 

3. 

Proof  Spirit,  - 

8  nearly 

4. 

Alkohol.  London  Pharm. 

10 

45 

5. 

Tranfparent  Olive  Oil, 

9 

50 

6. 

Mercury,  - 

0 

15 

7. 

Solution  of  Sulphate  of  Iron, 
one  part  of  Salt  to  five  of 

Water,  . 

8 

0 

8. 

Saturated  Solution  of  Sul¬ 
phate  of  Alumine, 

9 

40 

9. 

Ditto  Solution  of  Sulphate 
of  Soda,  - 

6 

30 

10. 

Aqua  Poiafs.  Purse.  Lond. 
Pharm.  - 

S 

15 

11. 

Saturated  Solution  of  Sul- 

phale  of  Soda,  but  the 
Liquid  not  touching  the 
Iron  Cylinder  by  0.1 
Inch,  or  nearly  fo, 

19 

20 

Table  of  refults* 


As  the  water  in  the  firfl:  experiment  was  employed  at  a  The  tempera- 

temperature  above  42°,  it  could  not  affebl  the  thermometer  by  to^hig^to^pro- 

any  change  of  dei.fity  ;  it  may  therefore  ferve  as  a  rtandard  duce  a  defcend- 

to  compare  the  other  liquids.  With  regard  to  the  differences  ing  cu,rie?t:  1,1 
1  1  n  .  .  water  by  heat- 

of  a  few  feconds,  we  need  not  intifl  on  it  as  indicating  any  jng, 

material  difference  between  the  conducting  power  of  the  differ- 
rent  fubfiances ;  becaufe  the  eye  may  not  be  able  to  mark  it 
inflantaneoufly  ;  but  where  this  difference  amounts  to  nearly 

a  quarter 
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a  quarter  Oi  a  minute,  much  more  when  to  fevera!  minutes* 

we  may  lairly  conclude,  that  there  is  a  difference  in  conducting 
power. 

in  all  thefe  experiments  the  tides  of  the  apparatus  fliould 
ha\e  produced  equal  increments,  had  this  been  the  caufe  of 
the  rile  of  the  thermometer ;  and  it  is  evident  that  currents 
downwards  could  not  a  freed  it.  That  the  fides  of  the  veffel 
could  not  communicate  the  temperature  to  the  thermometer, 
nor  even  the  radiant  caloric  affedt  it  in  the  manner  obferved, 
the  eleventh  experiment  (which  by  the  way  arofe  Iroin  an  error 
in  the  mode  of  conducting  the  trial  with  (ulphate  of  foda)  fufti- 
ciently  demonftrates.  Prom  an  infpedlion  of  the  table,  it  will 
be  feen,  that  the  aqueous  tolutions  of  different  falls  differ  ma- 


The  fluids  are 
proper  conduc¬ 
tors. 


tonally  from  each  other  in  the  celerity  with  which  caloric  is  pro¬ 
pagated  through  them. 

1  attempted  to  meafure  the  conducting  powers  of  fevera!  of 
the  weaker  acids,  but  I  was  foon  convinced  that  their  adtion  on 
the  iron  might  invalidate  the  accuracy  of  the  ret u Its. 

It  will  be  unneceffary  to  obferve  that  if  we  find  the  thermo- 
metei  requiting  different  times  for  its  elevation,  in  fuch  cates, 
we  muft  aferibe  it  to  the  conducing  powers  of  the  medium 
between  it  and  the  healed  body. 

If  I  am  not  deceived,  we  may  conclude  from  what  I  have 
above  adduced,  that  liquids  as  well  as  to! ids  are  condudtors  of 
cal 01  ic  j  tnat  the  tranfmifiion  of  it  through  them  follows  a  par¬ 
ticular  law  depending  on  the  properties  of  the  particular  liquid, 
but  which  is  not  in  the  exadt  ratio  of  any  of  their  mechanical 
properties,  though  nearer  that  of  their  denjily  than  any  other, 
fadsm^beas  Sllcl\S,r>  are  the  principal  arguments  that  feem  to  militate 
Tvelf  explained  againft  Count  Rum  ford’s  hypothetic,  which  he  has,  with  that 
«  u  fling  "’genui'>'  w,'lch  <tiflinguift.es  his  relcarcl.es,  a,, plied  to  the 

of  fluids  as  by  Solution  °*  nianV  important  phenomena  of  nature.  Thefe, 
«s  negation.  however,  may  be  equally  well  explained  by  fuppofing  liquids 

^wnu^B;:erCaC0,;dUa°rS.0f  CaloriC:  and’  if ,he  ‘■‘“■rents  caufed  in 
bis  faft  of  the  1,cluids  by  changes  in  temperature,  have  even  a  very  inferior 
r  velocity  to  what  he  luppofes,  we  mav,  I  think,  account  fuffi- 
ciently  well  for  the  appearance  he  obferved  on  the  Glaciere  of 
Chamouni,  which  he  propofes  as  a '(eft  of  his  opinions,  by 
the  decreafe  in  denfity  of  water  while  its  temperature  de¬ 
fends  from  42°  to  32°,  (a  fa dt  which  the  Count’s  late  expe. 
riments  confiim)  without  affenling  to  his  opinions  with  regard 


Gljcicre  of 
Chamouni, 


to 


account  of  a  ferocious  beast. 


13d 


to  the  non-condu&ing  power  of  fluids.  An  examination  of 
this  would,  however,  extend  farther  this  already  too  long 
letter ;  but  if  you  deem  fuch  an  enquiry  interefting,  it  may 
be  the  fubjedt  of  a  future  communication. 

I  am.  Sir, 

Your’s  w'ilh  refpedt, 

T.  S.  TRAILL, 

***  As  this  letter  did  not  come  to  hand  til!  above  a  fort¬ 
night  after  its  date,  and  the  verbal  defcription  is  very  ciear, 
it  was  not  thought  necetfary  to  poftpone  it  lor  engraving  the 
author’s  (ketch, — N. 


XIII. 

Indian  Account  of  a  remarkably  Jtrong  and  ferocious  Beaji,  which 
(they  fay)  exifled  in  the  northern  Parts  of  the  Slate  of  Ycio 
York  about  tivo  hundred  }  ears  ago .  Collected  and  communi¬ 
cated  *  by  Mr.  John  Heckewelder, 

The  jagifliof  (or  naked  animal,  or  bear,  as  fome  of  the  Account  of  the 

Indians  call  it)  was  an  animal  much  luperior  in  fize  to  the cal^ed  jagl^0  ^ 

larged  bear.  It  was  remarkably  long-bodied,  broad  down  its  the  American 

(boulders,  but  thin,  or  narrow  at  its  hind  legs,  or  juft  at  thelndians* 

termination  of  the  body.  It  had  a  large  head  and  a  frightful 

look.  Its  legs  were  fhort  and  thick.  Its  paws  (the  toes  of 

which  were  furnilhed  with  long  nails  or  claws,  nearly  as  long 

as  an  Indian’s  finger)  fpread  very  wide.  Except  the  head, 

the  neck,  and  the  hinder  parts  of  its  legs,  in  all  which  places 

the  hair  wras  very  long,  the  jagifho  was  almoft  naked  of  hair; 

on  which  account  the  Indians  gave  it  the  name  of  "  naked/’ 

Several  of  thefe  animals  had  before  this  time  been  deftroyed 
by  the  Indians,  but  this  particular  one  had,  from  time  to  time, 
deftro\  ed  many  of  the  Indians,  particularly  women  and  chil¬ 
dren,  when  they  were  out  in  the  woods  getting  nuts,  digging 
roots,  &c.  or  when  they  were  working  in  the  fields.  Hunters 
when  faft  purfued  by  this  animal,  had  no  means  of  efcaping 

*  To  the  Editor  of  the  Philadelphia  Medical  and  Phyncal  Jour¬ 
nal,  whence  this  is  taken. 

The  Indian  name  of  this  beaft  or  animal? 


from 
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Account  of  the  from  it  except  where  a  river  or  lake  was  at  hand,  by  plunginz 
large  animal  .  ..  ‘  ,  r  .  S,  r  6  & 

called  j a 4 i fh o  by  111  0  )e  walersi  and  fwimming  out,  or  dozen  the  tlream  to  a 

the  American  great  didance,  they  effected  their  efcape.  When  this  was  the 

cafe,  and  the  bead  was  not  able  to  purfue  his  intemled  prey 

any  further,  he  would  fel  up  luch  a  roaring  noife,  that  every 

Indian  who  heard  it  trembled  with  fear. 

I  his  animal  preyed  upon  every  bead  it  could  lay  hold  of. 
It  would  catch  and  kill  the  larged  bear,  and  devour  it.  While 
the  bears  were  plentiful  the  Indians  had  not  fo  much  caafe  to 
dread  the  jagifho;  but  when  this  was  not  the  cafe,  he  would 
run  about  in  the  woods,  fearching  for  the  track  or  (cent  of  the 
hunters,  and  follow  them  up.  The  women  became  to  much 
afraid  of  going  out  to  work,  that  the  men  affembled  to  deli¬ 
berate  on  a  plan  for  killing  him. 

This  bead  had  its  refidence  at  or  near  a  lake,  from  which  the 
water  flows  in  two  ditferent  wavs’  (or  has  two  different  out¬ 
lets),  one  northerly  and  the  other  foutherlv.  The  Indians 
being  well  informed  of  this  circumflance,  a  refolute  party  of 
them,  well  armed  with  bows,  arrows,  and  fpears,  made  to¬ 
wards  the  lake.  They  dationed  themfelves  on  a  high  per¬ 
pendicular  rock,  climbing  up  the  lame  by  means  of  Indian 
ladders,  and  then  drawing  thefe  ladders  up  after  them. 

Alter  being  well  fixed,  and  having  taken  up  with  them  a 
number  of  dones,  the  Indians  began  to  imitate  the  voices  and 
cries  of  the  various  beads  of  the  woods,  and  even  ihofe  of 
children,  in  order  to  decoy  the  jagifho  thither.  Having  fpent 
lome  days  in  this  place  without  fuccefs,  a  detached  party  took 
an  excurdon  to  fome  didance  from  the  rock.  Before  they  had 
reached  the  rock  again,  the  bead  had  gotten  the  feent  of  them, 
and  was  in  full  purfuit  of  them.  They,  however,  regained 
that  poll t ion  before  he  arrived.  When  he  came  to  the  rock, 
he  was  in  great  anger,  fprang  againd  it  with  his  mouth  wide 
°Pen>  grinning  and  feizing  upon  it,  as  though  he  would  tear 
it  to  pieces  *  *  *  *.  During  this  time,  numbers  of  arrow's 
and  dones  were  difeharged  at  him,  until  at  length  he  dropped 
down  and  expired. 

His  head  was  cut  off,  and  was  carried  in  triumph  by  the 
Indians  to  their  villages  or  fettlements  on  the  North 
River,  and  was  there  fixed  upon  a  pole  that  it  might  be  feen. 
As  the  report  of  the  death  ot  the  animal  fpread  among  die 

neighbouring 
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neighbouring  tribes,  numbers  of  them  came  to  view  the  head  Account  of  the 
and  to  praife  the  victorious  Indians  for  their  warlike  deed.  caHed  jagifho  by 

N.  D.  The  Mahicanni  claim  the  honour  of  this  act.  the  Americao 

Indians. 

Remarks  by  the  Editor. 


The  preceding  traditional  accounts  of  the  Indians,  con¬ 
cerning  the  “  naked  bead,”  are  in  fome  refpefts,  lo  very  ex¬ 
travagant,  that  they  may  perhaps  be  deemed  altogether  un¬ 
worthy  of  any  attention.  I  mud  confefs,  however,  that  I 
cannot  but  condder  fuch  traditions,  though  imperfectly  handed 
down  to  us,  and  evidently  disfigured  by  fable,  as  entitled  to 
the  notice  of  the  naturalid  and  philofophcr. 

That  fuch  an  animal  as  the  Jagifho  is  defcribed  to  have  been, 
has  ever  exifted  in  the  date  of  New  York,  may  perhaps 
admit  of  a  rational  doubt ;  but  that  the  Indian  tradition  relates 
to  fome  remarkable  animal  that  is  no  longer  to  be  feen  in  the 
country  which  it  is  laid  to  have  inhabited,  I  think  there  is 
good  reafon  to  believe.  What  this  animal  was,  at  what  period 
it  ceafed  to  be  feen,  and  what  was  the  more  pure  account  of 
the  Indians  concerning  it  one  hundred  years  ago,  I  do  not 
pretend  to  determine. 

Poffibly  the  Indian  tradition  refers  to  the  large  animal,  (I 
mean  an  individul  of  the  fame  fpecies,)  fome  of  whofe  bones 
have  been  found  in  a  cavern  in  the  back  parts  of  Virginia ;  the 
animal  of  which  mention  is  made  in  the  fird  part  of  this 
Journal*.  Is  is  true  indeed  that  the  Indian  accounts  of  the 
activity  of  the  New  York  animal  are  not  very  favourable  to 
the  idea,  that  the  animal  was  Mr.  Jetf'erfon’s  Megalonyx, 
which  I  have  fuppofed  belonged  to  the  order  of  Tadigrada, 
comprehending  the  Sloth,  the  Armadillo,  and  others.  What, 
is  faid  of  the  claws  of  the  Jagifho  may  be  thought  to  favour 
the  notion  that  this  was  really  the  Megalonyx,  or  Megathe¬ 
rium.  But  I  would  not  be  underflood  to  place  any  depend- 
ance  upon  the  minute  or  defcriptive  circumffances  which 
are  mentioned  in  the  Indian  tradition.  Nor  indeed  do  I  think 
it  at  all  probable  that  the  Megalonyx  (as  it  is  called)  or  any  of 
the  fpecies  of  elephants  whole  exuviae  abound  in  various  parts 
of  North  America,  have  been  feen  in  a  living  date  in  this 
Continent,  within  the  period  of  two,  or  even  twice  two 
hundred  years, 

*  Se£!ion  Third,  p.  152,  154. 
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Lahnde’s  prize 
given  to  Har¬ 
ding. 


New  mufical 

inftiument. 


SCIENTIFIC  NEWS,  ^c. 

Death  of  Profejfor  Claproth . 

C 

OOAjL  of  the  foreign  journals  have  announced  the  death  of 
the  celebrated  Klaproth  of  Berlin,  who,  for  the  benefit  of  the 
Sciences,  continues  in  good  health  in  his  fixty-fecond  year. 
Mr.  Jultus  Claproth,  Profeffor  of  Jurifprudence  in  the  Univer- 
fity  of  Gottingen,  well  known  for  feveral  learned  works  on 
that  lubje6f,  died  on  the  10lh  February  lad,  in  his  feventy- 
feventh  year. 

AJlronomical  Prize . 

The  medal  founded  by  de  Lalande  for  the  bed  adronomical 
woik,  has  been  adjudged  by  the  National  Inditute  in  its  fitting 
of  April  lad,  to  Mr.  Harding,  for  his  difeovery  of  the  lad  new 
planet,  i  hat  able  adronomer  has  been  appointed  to  the  di¬ 
rection  of  the  Obfervatory  at  Gottingen. 

New  Mufical  Injirument • 

A  Polifli  clock-maker  named  Mafloufky,  arrived  at  Berlin, 
at  the  beginning  of  the  prelent  year,  w  ith  the  intention  of  ex¬ 
hibiting  a  new  dringed  indrument,  of  his  invention.  Not- 
w ilh handing  a  variety  of  advertifements,  he  did  not  fucceed  in 
attracting  the  public  notice ;  and  he  determined  to  exhibit  the 
indrument  at  a  concert  prev  ious  to  his  departure.  About  300 
auditors  attracted  by  the  names  of  Himmel  and  Seidlen,  who 
ere  to  perform,  attended,  and  towards  the  end  of  the  concert 
nearly  hah  the  number  retired.  The  artid  proceeded  to  ex¬ 
hibit  ms  Kceldon,  which  is  the  name  he  gives  the  indrument. 
It  v_on  fits  of  a  found-board,  on  which  the  ufual  fydem  of  wires 
of  the  piano  are  fixed.  Between  thefe  wires  are  fmall  wooden 
cylinders,  which  being  put  into  motion,  communicate  their 
vibrations  to  the  wires.  The  tones  are  fo  foft  and  enchanting 
that  the  harmonica  cannot  eoual  them,  the  forte  and  piano  are 
given  in  every  imaginable  gradation,  and  the  whole  efFed  was 
no  lefs  lurpriling  than  unexpected,  and  the  maker  Huhn  re¬ 
ceived  orders  for  a  number,  of  the  indruments. 

The 
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The  prefent  article  is  taken  from  Millin’s  Magafm  Encyclope - 
dique,  who  does  not  fay  whether  the  wooden  cylinders  were 
moved  in  rotation  or  otherwife,  nor  how  they  were  applied 
and  prelfed  againd  the  firings.  The  leading  fa<5t  of  this  notice 
feems  to  be,  that  there  are  certain  kinds  of  wood,  and  perhaps 
certain  refinous  or  other  matters  to  be  applied  to  them,  that 
will  produce  the  effect  of  a  bow  upon  wire  firings  in  a  fuperior 
manner.  It  is  indeed  probable,  that  we  do  not  yet  potfefs 
much  knowledge  of  the  art  of  producing  tones  by  the  powerful 
expedient  of  bowing,  or  light  fri&ion  ;  and  mechanics  have 
flill  an  ample  field  for  applying  this  method  with  force,  pre- 
cilion,  and  rapidity  to  the  more  compounded  inflruments. 

Saverien. 

On  the  2Sth  of  May  lad  died  Alexander  Saverien  engineer  Death  of 

j  Savene  n  * 

of  the  French  marine;  who  has  been  fixty  years  known  to  the 

fcientific  world,  for  his  writings  on  navigation  and  the  theory 
of  building,  rigging  and  maneuvering  (hips.  He  has  written 
accounts  of  the  infiruments  for  making  obfervations  at  fea ; 
a  marine  dictionary  ;  a  dictionary  of  the  mathematics  ;  a  dic¬ 
tionary  of  architecture ;  an  hifiory  of  modern  philofophers, 
and  an  hifiory  of  the  progrels  of  the  human  underfianding. 

His  works  indicate  a  confiderable  {hare  of  talent  and  very  ex- 
tenfive  knowledge.  For  many  of  the  laft  years  of  his  life  he 
was  poor  and  infirm,  and  wras  much  indebted  to  the  cares  of  a 
fervant  who  continued  with  him  from  motives  of  attachment. 

He  died  at  the  age  of  eighty-five,  leaving  behind  him  a  widow 
likewife  very  aged  and  in  want. 


Pure  and  beautiful  Cerufe. 

Mr.  Van  Mons  informs  us,  that,  if  lead  a(hes  be  difiolved  ^re  anj  heau 
„  _  .  „  ...  .  .  .  ,  ,  ,  ,  c  tilul  cerufe; 

in  a  fufficient  quantity  of  dilute  nitric  acid  by  the  help  of  a 

gentle  heat,  filtered,  and  precipitated  by  chalk  in  impalpable 

powder,  the  precipitate,  when  wadied  and  dried,  will  be  the 

purefl  and  mod  beautiful  cerufe  podible.  7  he  quedion  which 

offers  itfelf  on  this  occadon,  is  whether  it  could  be  afforded  at 

a  reafonable  price. 


Chromate 
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Chromate  of  Lead  and  of  Silver. 

Chromate  of  Counf  Mouftin  Poufchkin  has  diflolved  both  the  red  lead  fpar 
dliflfofved an<^  chromate  of  filver  in  nitric  acid,  by  adding  a  little  fugar 
sric  acicf.  the  moment  the  acid  is  poured  on,  and  promoting  the  action 

by  gentle  heat.  The  (par  then  requires  only  five  or  fix  parts 
of  acid,  the  chromate  of  filver  dill  Iefs.  Nitrous  acid  gas 
is  evolved,  and  the  folutionjlof  the  former  is  an  araethyd  co¬ 
lour,  of  the  latter  a  garnet  red,  without  the  lead  trace  of  green, 
either  by  reflection  or  refraction. 


Putrefaction  prevented. 

Putrefaction  Dr.  Valli  having  left  a  pound  of  foup  in  which  were  twelve 

fed  precipitate,  °r  ^teen  £ra'ns  of  red  precipitate,  expofed  to  the  open  air 
for  four  months,  found  it  exhibited  no  fign  of  putrefaction, 
and  did  not  even  feem  to  have  undergone  any  alteration.  He 
then  repeated  the  experiment  for  a  month  in  the  height  of  fum- 
without  fofs  of  mer>  with  the  fame  effedt.  The  oxide  in  the  mean  time  had 
°r  C0"  neillier  diminiflied  in  weight  nor  altered  its  colour, 
and  by  the  Dn  this  Mr.  V  an  Mons  obferves,  that  he  has  found  broth 

combination  of  keep  for  years  by  means  of  a  few  grains  of  mercury  in  the 
date  of  oxide  and  citrate.  Nitrate  of  diver  has  long  been 
confldered  as  the  mod  powerful  of  antifeptics,  and  he  has 
found  tbofe  of  gold  and  of  mercury  equally  fo.  Oxigenated 
muriate  of  potafli  retarded  the  putrefaction  of  drong  foup  fe- 
veral  days,  and  ultimately  put  a  dop  to  it  at  a  certain  point. 
Very  dilute  nitric  acid,  and  oxigenated  muriatic  acid  in  the 
date  ufed  for  bleaching,  preferved  a  moderate  drong  foup  for 
feverai  months. 


Leverian  Mufeum . 

Sale  of  the  Le-  The  Leverian  Mufeum  which  has  been  near  40  years  ia 
terian  Mufeum.  colle&ing  at  an  expence  of  near  50,000/.  will  be  fold  by 
public  auction  in  May  1806,  unlefs  an  acceptable  offer  for  the 
purchafe  of  the  whole  be  previoudy  made.  The  fale  will 
take  place  in  the  building  which  now  contains  the  Mufeum. 
Catalogues  ace  preparing  with  all  fpeed. 
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:  ARTICLE  I. 

la  fir  and  Obferrdtions  relating  to  the  Blight ,  arid  other  Dijeafa 
of  Corn .  In  a  Letter  from  G.  Cumberland,  Efq . 

To  Mr;  NICHOLSON,  \  !  1 

V  ,  r  ;f  1  .  ’ 

SIR,  Wefton-fupra-Mare,  10  thOftober,  1805. 

A  -  » 

./ALTHOUGH  not  much  in  the  habit  of  taking  any  thing  Reference  to  the 
Ch  troll,  I  mult  confers,  that  when  early  in  the  fprfnfe 'the 
pamphlet  of  Sir  Jofeph  Banks,  called,  A  jhort  Account  of  the^t  Wight  in 
Caufe  of  the  Difeafc  in  Corn,  called  bp  the  Farmers,  the  Blight 
the  Mildew ,  and  the  Ruji*,  came  to  my  knowledge,  I  felt 
very  much  inclined  on  the  credit  of  his  extenfive  fame  to 
receive  with  a  favourable  prejudice,  what  was  fo  positively 
announced  as  information,  on  a  lubje6t  that  we  may  all,  I 
iuppofe,  be  allowed  to- have  fomething  to  do  with. 

Having  therefore  much  leifure,  and  being  placed  in  a  fa-  f  barberT^uft! 
vourable  Situation  to  make  obfervations,  I  began  doing  all  that  a  ar  erry 
could  then  be  done,  viz.  planting  fome  wheat  near  a  barberry 
bulb,  and  fearching  carefully  for  the  yellow  ruft  on  the  eariy 
leaves. 

*  Inferted  intire  in  our  Journal  X.  p.  225° 
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Difeafed  ftnw 
being  examined, 
it  was  feen  that 
Mr.  Bauer's 
drawings  are 
■very  correct* 


Doubt  whether 
this  difeafe 
afteCh  the  grain. 


I  next  examined  the  draw  by  the  microfcope,  making  many 
difleCtions  with  great  attention.  The  refult  of  which  was, 
a  conviction  that  the  detigners  and  engravers  part  of  the  fine 
plates  that  accompany  this  eflay,  lias  been  excellently  and 
faithtully  managed,  as  far  as  the  then  feafon  would  permit  me 
to  compare  them,  and  fome  old  draws  of  the  lad  year  render¬ 
ed  it  very  probable,  that  the  whole  was  correCtly  drawn. 

But  here  I  began  to  (ufpeCt,  that  the  rufl  was  not  fo  guilty 
as  has  been  reprefented,  for,  admitting  for  a  moment,  that  it 
does  intercept  the  fap  by  plugging  the  apertures  faid  to  be 
defined  in  wet  weather  to  receive  the  humidity  of  the  atmof- 
phere,  yet,  as  it  is  not  yet  afeertained  that  it  ftrikes  root,  into 
the  cellular  texture  beyond  the  back,  for  I  could  not  admit 
of  faying  there  is  no  doubt  of  a  thing  that  has  not  yet  been 
traced ,  fee  page  3 1  (or  227  of  Journal)  and  as  the  plates,  if 
they  prove  any  thing  prove  the  contrary,  vide  tig.  7.  I  thought 
we  mud  wait  awhile  before  we  could  charge  to  this  caufe  the 
diminution  of  our  Hour.  There  was  yet  another  motive  in  my 
humble  opinion  for  doubt :  I  law,  even  by  examining  the  draws 
of  lad  year,  that  it  was  fcarcely  podible  to  find  among  hun¬ 
dreds  of  rujled  Jtraivs  that  had  blighted  heads,  one  that  any  way 
partook  of  theruft  except  at  the  upper  joint,  and  that  partial¬ 
ly  only,  while  the  (heaths  that  nature  has  kindly  given  to  ward 
off  injuries,  were  eompleatly  confumed  with  it.  Now  I  be¬ 
lieve,  no  one  will  pretend  to  affert,  that  this  injury  done  to 
the  (heaths  of  the  ftraws  could  in  any  way  affeCt  the  riling  of 
the  fap  to  the  ear;  we  mud  therefore,  I  loon  law,  confine  the 
caufe  of  injury,  if  this  be  any  caufe,  to  the  quantity  of  fungi 
that  more  immediately  attacks  the  upper  bare  joint  of  the 
ftraw. 

^  <  *.  *  <  *•'  *•».. 

And  even  here  it  appeared  at  this  early  dage  of  my  doubts 
to  be  very  uncertain  ;  for  if  we  reded  fird  of  all  that  it  is 


by  no  means  pretended  to  be  proved,  that  thefe  fungi  do 
penetrate  the  cellular  texture  ;  and  next,  that  if  they  do,  it  will 
remain  to  be  proved,  that  by  (o  doing  they  materially  intercept 
the  fap;  and  Iadly  (which  I  conceive  to  be  no  extravagant  con¬ 
jecture)  that  if  they  did,  yet  as  far  as  the  cellular  texture  of 
the  draw  is  concerned  in  conveying  it,  the  interception  could 
only  be  very  partial. — Taking  all  thefe  reflections  together, 
I  think  I  was  grounded  in  entertaining  doubts  of  the  true 
caufe  having  been  exhibited,  as  is  fet  forth  in  this  pamphlet, 

1/  4  v-  4  ‘  *  J  •  - 
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p‘.  13.  (or  22%  Journal.)  Where  the  prefident  fays,  i(  though 
diligent  enquiry  was  made  during  the  laft  autumn,  no  informa¬ 
tion  of  importance  relative  to  the  origin  or  the  progrefs  of  the 
blight  could  be  obtained  1  this  is  not  to  be  wondered  at,  for  as 
ho  ohe  of  the  perfons  applied  to  had  any  knowledge  of  the 
real  can/'e  of  the  malady,  none  of  them  could  direct  their 
curiofity  to  the  real  channel.  A roiv  that  its  nature  and  cttufe 
have  been  explained ,  we  may  realonably  expedt  that  a  few 
vears  will  produce  an  interefting  collection  of  fadts  and  ob¬ 
servations,  and  we  may  hope  that  fome  progrefs  will  be  made 
towards  the  very  defirable  attainment  of  either  a  preventive 
or  a  cure.”  page  14. 

Having  thus  advanced  in  the  examination  as  far  as  the  Country  names 
feafon  would  afford,  I  thought  it  would  be  beft  to  afcertain  in  ^heat.^^3  ^ 
the  county  in  which  I  happened  to  be  placed;  the  terms 
(intirely  overlooked  in  the  pamphlet)  there  applied  to  the 
different  difeafes  of  corn  ;  and  here  it  foon  appeared  that  the 
terms  are  not  univerfal. 

The  firft  blight  (for  there  are  many)  is  that  early  appear-  Firft  blight;  o¥ 
ance  of  intirely  decayed  ears,  of  plants,  apparently  in  a  ^fchTh^mbri. 
healthy  ftate,  but  which,  in  the  embrio  which  lays  within  the  grain  is  turned 
upper  ihealh,  before  the  ear  is  developed,  has  turned  to  a  t0  P«wder. 
brown  puce-coloured  powder.  This  by  fome  has  been  fuppofed 
to  originate  from  defe&ive  feed,  but  furely  improperly ;  for 
many  of  thele  ears  are  found  to  be  the  finefl  and  largeft  in  the 
field  in  their  embrio  ftate  ;  and  to  me  it  feems  evident,  that 
they  are  imperfea  froth,  a  really  defeaive  parturition,  owing 
to  fome  accidental  circumftance ;  or  poffibly  (for  they  generally 


hand  below  the  others)  from  the  want  of  fun  to  unclofe  the 
upper  fheath  at  a  critical  moment. 

Thefe  ears  are  alfo  in  general  found  to  be  crooked  at  the  The  cars  are  f 
root  of  the  eat  ltalk,  owing  to  the  effort  to  raife  the  ear  acting 
within  the  fheath  on  a  decayed  and  mouldy  ear ;  but  it  appears 
that  they  are  all  at  length  ejedted  from  the  fheath,  and  the 
brown  duff  blown  oompleatly  away,  fo  that  the  ftalk  at  laft 
remains  without  a  iingl.e  grain  on  it.  Handing  up  like  a  bare  and 


barren  pole.  In  this  manner  many  ears  at  firft  perifh,.  but  the 
quantity  is  feldom  any  objedt  to  the-  farmer. 

Of  the  puce-coloured  powder  a  quantity  was  colledted:  it  Appearance  of 
had  no  fmell,  but  felt  foft  to  the  touch,  like  whiting,  though  1  ' 

more  greafy.  An  attempt  was  made  to  innoculate  a  number infection. 

L  2  l  of 


no 
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.RIGHT  IN  CORK. 


docs  not  a  rife 
from  an  exter 
-ual  caufe. 


Second  difeafe. 
Smut.  Full 
grains,  contain 


6f  other  found  ears  with  it;  by  rubbing  it  on  the  leaves,  by 
giving  friftion  to  the  ftraw  itfelf  witli  it,  by  inserting  it  into 
the  ears,  by  placing  it  beneath  the  fbeaths,  and  laftly,  by  in* 
troducing  it  into  tbejpith  of  feveral  itraws,— each  of  thefe  in 
wet  and  dry  weather,  but  nothing  took  any  effect.  It  fell 
The  firft  blight  harmlefs  but  one  difeovery  arofe  from  examining  the  ears 
in  which  it  was  produced,  viz.  that  corn  is  capable  of  being 
completely  blighted  without  any  external  difeafe  or  applica¬ 
tion.  For  all  the  flraws  were  without  blemifli  as  well  as  the 
leaves,  and  confequently  we  have  no  occafion  to  recur  to 
external  caufes.for  this  internal  decompofition. 

Wheat  in  this  (fate  I  drew  very  accurately,  and  fent  fpeci- 
:  mens  of  it  to  town  in  this  condition  to  Mr.  Nicholfon;  and 
thus  ended  the  firft  blight  as  it  is  called  in  Somerfetfhire,  but 
which  migh$  potlibly  !be  with  ipore  propriety  termed  the 
mildcvi.  b  ,'q  •  vsH  t,  'v'  ni  !  ! 

The  next  difeafe  appears  in  thofe,  ears,  which  ftarcl  ere&  and 
flaring,  indicating  their  Iightnefs  by  their  attitude.  Although 
only  a  dark  on  garnering  they  appear  full  of  corn,  they  turn  out  in  effect 
^fhylhneiu  fall* °f  a  dark  powder  that  has  ihefmell  of  ftale  lobfters 

or  Uirimps,  wh’eri  prefled  between  the  fingers.  This  powder 
on  examination  byjbe  microfeope  fhews  fame  faccharine  con¬ 
cretions  among  it*  but  it  has  none  of  the  a£tuaf  properties  of 
wheat.  Upon  carefully  examining  tHefe  grains  the  outer  fkin 
was  difeovered  to  be. bitire,  unperforated y  perfectly  green,  and 
perfe  fitly  full ; — yet  flrange  to  tell,  -if  it  be  not  really  the  work 
of  irrfe&s,  one  ha|f  of*  an  ear  was  often  found  to  be  thus 
lrmitfy  while  the  other  half  was  found.  >"> 

Among  other  conjectures;,  it  Was  thought  that  this  fmutty 
difeafe  might  arife  from  the  juices  of  the  ftraw  being  inter¬ 
cepted  by  accidents, ;  In  order  therefore  to  try  what  could  be 
effe&ed  by  injuries  done  to  the  fap,  I  bound  fome  ears, 
wounded  others  by  pretfurei  divided  fome  with  a  knife  near 
the  ftem,  marking  each  by  cutting  off  the  beards  with  feiflurs; 
yet  I  never  found  any  fuch  efie<5t  produced,  as  either  fmut, 
or  even  decay,  and  all  the  ears  thus  injured  came  very  well  to 
maturity.  Heiewere  real  injuries,  and  committed  at. a  time 
(June)  when  the  ears  wefe  by  no  means  far  advanced,  and 
thisiled'rae  ft  ill  lefs  to  ^xpeft  any  great  efl"e6l  from  a  little 
y^artial  mofs  adhering  to  the  fiem,  the  accidental  effe&s  of  the 
leafon  at  a  later  period.  1  • 

3  .*  I  At 


Mechanical  in¬ 
jury  did  not 
produce  this 
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At  length  on  the  1ft  of  Auguft,  I  favv  in  a  low  field  the  Third  difeafej 
firft  appearance  of  yellow  ruft,  bat  collected  one  with  dif-^1UiJ^ 
ficulty  ;  and  now  I  found  that  it  was  univerially  agreed  by  our  •  -  - 

farmers,  that  this  fungus, 'as  our  plate  defcribes  it,  was  con-  c°n,^er^ a* 
fidered  as  the  effect  of  fogs  or  great  humidity,  which  fir  ft  humidity, 
attacks  the  leaf  or  (heath  of  the  ftraw,  but  ultimately  pene¬ 
trates,  and  vegetates  on  the  upper  joint  of  the  ftraw  itfelt, 
where  it  is  uncovered  juft  before  the  corn  is  ripe,  fo  that  what 
our  plate  exhibits  is  by  all  agreed  to  be  called  the  ruft  in  al! 
ftages ;  but  that  the  ruft  caufes  the  latter  blight ,  or  ears  with 
flirivelled  grains  does  not  feem  to  be  fo  generally  agreed. 

To  prevent  the  fmut9  our  farmers  fteep  their  wheat  in  The  procefs  of 
fait  water,  in  order  to  feparate  the  found  grains  from  the  light  or  ^fed ‘teffeparate 
blighted  better  than  by  fre(h  water,  becaule  fait  water  naturally  the  heavieft  for 
ft  oats  all  but  the  heavieft.  In  the  Venetian  ftate  I  remember feed* 
they  added  faltpetre  to  the  fteep  on  the  fame  principle,  a  very 
different  fyftem  from  that  of  Sir  Jofeph,  who  recommends,  I 
think  very  dangeroufiy,  the  ufe  even  of  tailings  as  feed,  and 
this  on  mere  hot  houfe  experience,  fee  p.  25  (or  232  Journal.) 

An  old  and  good  farmer  *  laft  year  at  Wefton ,  bought  good  Smutty  grain 
wheat  for  feed  becaufe  his  own  was  fmutty,  but  not  having  n{^/kd  for 
quite  enough,  he  fowed  about  three  pecks  of  his  own  fmutty  yet  fome  fuc- 
wheat  to  finifti,  and  it  turned  out  quite  as  good  wheat  as  fomeceeded* 
of  that  which  was  bought  as  the  beft  ;  yet  this  does  not  con¬ 
firm  the  dodtrine,  I  think. 

Having  thus  afeertained  what  is  called  the  early  blight  or 
mildew,  together  with  that  which  follows,  and  is  known  by  the 
term  fmut,  and  alfo  the  difeafe  which  comes  next,  and  being 
iimilar  to  Sir  Jofeph’s  Banks's  plate,  is  called  raft,  and  laft ly  Latter  blight;  or 
the  latter  blight  which  is  feen  in  merely  (hrivelled  grains,  flmveHed  Srams* 
grains  imperfectly  ripened  ; — I  (hall  now  proceed  to  the  fpeci- 
mens  which  I  gathered  in  all  the  ftates,  made  drawings  of 
them,  and  ftill  retain  in  the  ear  labelled  with  great  cure,  as 
proofs  of  what  is  here  advanced  ;  after  which  I  (hall  make 
fome  deductions. 

On  22nd  of  July,  1805.  I  began  my  colle&ion ;  and  No.  1.  Accounts  of 
contains  healthy  ears,  clean  to  outward  appearance,  the  loweft  w^eat  gathered 
leaf  a  fpeck  or  two  of  fungus.  Second  joint  from  the  head  a  in  this  enquiry. 

little  reddifti.  No  bloom  on  the  cane. 

*  Mr*  Oaklev  of  Wefton-Supra-Mare.  .  * 
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No.  2.  l\fuch  difeafed  draw,  bloom  or  mould  under  the 
(heath,  and  on  the  leaf;  in  other  refpe&s  the  draw  quite  as 
healthy  and  found  as  No.  1. 

No.  3.  Entirely  difealed,  yet  every  grain  full  and  of  its 
proper  dze— fome  grains  evidently  opened  at  their  Tides  by 
fome  (mail  infect.  The  outfide  of  this  ear  quite  green  and 
healthy,  not  even  a  fpot,  fmell  of  fhe  ear  very  fifliy,  not 
wanting  one  grain.  The  head  flalk  not  even  waved  at  thy: 
car,  root  intire,  upper  dalle  a  little  yellow. 

No,  4.  A  healthy  ear  of  the  bearded,  thirteen  rows  of  grains, 
draw  mouldy  under  the  fpeath,  and  at  joints,  yet  found,  la  It 
or  upper  joint  green. 

No.  5.  Another  nearly  dmilar. 

No.  6.  A  double  draw’  to  one  root,  both  ears  perfect,  both 
draight  at  head  dalk,  both  difeafed,  yet  full  and  plump* 
fome  grains  found  yet  green,  and  clofe  to  a  black  one ;  a  rich 
golden  coloured  mpfs  or  dud  at  the  back  of  the  green  coat, 
yet  the  grain  coat  perfectly  green  and  uninjured,  while  the 
grain  was  compleatly  full  of  the  black  fifhyvfmelling  bligli^ 
indead  of  dour.  Straws  green  at  the  top  and  quite^ healthy 
throughout. 

No.  7.  A  draw  that  having  been  blighted  in  the  (heath  by 
the  early  blight,  had  thrown  off  all  its  brow'n  dud,  and  grown 
to  a  drong  draw :  The  (keleton  of  the  ear  only  remaining, 
very  crooked  near  the  ear :  The  upper  (talk  evidently  bv  its 
purple  dripes  difeafed  under  the  thin,  yet  no  mofs  or  fungus 
protruded  on  the  cane;  dripping  back  the  fil'd  leaf  from  the 
head,  I  found  the  powder  from  the  ear  had  adhered  to  the 
draw  under  the  flieath,  and  that  it  was  mouldy  :  The  fecond 
joint  quite  healthy  under  the  leaf,  but  with  the  red  and  purple 
dreaks  where  uncovered  to  the  light  ;  The  third  joint  the 
fame  ;  The  fheath  leaves  themfelves  healthy. 

No.  8.  Spotted  ear  externally,  found  draw',  yet  having 
black  dud  at  the  joints,  in  this  ear  I  found  a  maggot  about  the 
30th  part  of  an  inch  long,  of  the  exa6t  yellow  of  the  powder 
found  behind  the  difeafed  grains,  (that  powder  may  be  his 
excrement)  viz.  orange  yellow,  his  form  refembled  the  maggot 
of  nuts,  lived  an  hour  on  the  table. 

No.  9.  Difeafed  ear,  grains  all  blighted  yet  no  yellow 
powder  under  the  (heaths  of  the  grains,  draw  healthy,  ear 

tffhy  fmell;’ 

v  r>yT 


No.  10. 
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No.  10.  Ditto  with  an  infedt  very  active  in  the  ear,  yellow, 
fee  drawing  A  B.  Fig.  1.  Plate  IX. 

No.  11.  Two  perfedtly  healthy  ears  from  the  fame  root, 
both  healthy  throughout,  yet  on  the  leaf  a  fpeck  or  two  of 
Sir  JofeplPs  fungus  was  originated,  and  well  grown:  it  was 
of  the  orange  colour. 

No.  12.  An  ear  faft  ripening,  folid  in  the  grain,  yet  had 
loft  its  firft  fix  lower  grains,  laft  joint  green,  beards  yellow,  a 
few  fpots  on  the  (heath  of  the  grain,  ieemingly  occafioned 
by  a  fmall  black  fly  found  in  it, 

Obfervations  made  on  tlie  fame  Day  on  Grains. 

Difeafed  grains  were  always  found  to  be  full  and  plump  with-  Difeafed  grains 
out  any  aperture  ;  the  fine  lkin  that  holds  the  flour  very  green, 
yet  all  black  within ;  the  external  furface  of  the  black  matter 
covered  with  a  white  concretion,  perhaps  the  faccharine 
matter  of  the  wheat.  Sound  grains  found  in  difeafed  ears, 

all  the  difeafed  ears  fmelt  fifhy. 

,  . .  ...  ,  • 


Obfervations  jnade  on  the  Strqw. 

The  difeafe  always  attacks  the  portion  of  the  ftraw  that  Difeafed  draw, 
peeps  beyond  the  (heath  leaf  near  the  joint,  and  evidently 
commences  at  the  pores,  as  old  ftraws  will  (hew;  but  the 
fungus  cannot,  I  think,  be  the  caufe  of  the  difeafe;  becaufe 
where  no  fungi  have  taken  root,  the  corn  is  compleatly  cor* 
rupted.  Thefe  fungi  grow  it  is  true,  iafieft  on  difealed  ears, 
probably  becaufe  when  the  ear  is  difeafed  it  draws  lefs  humi¬ 
dity  from  the  ftraw,  fo  that  the  difeafed  ears  feem  to  aftift  the 
growth  of  the  fungi,  not  the  fungi  the  dileafe.  In  fa£t,  I 
believe  they  live  on  the  fuperfluous  mpifture  of  the  ftraw,  or 
returning  lap. 

On  the  27th  July  laft,  1805.  I  examined  at  lead  twenty  Blighted  cats, 
blighted  ears  of  corn,  and  could  only  find  one  among  them  t^^raw  noC 
that  had  the  fmalleft  degree  of  ruji,  and  that  only  a  fpeck  r 
or  two  on  the  lpwer  leaf  that  (heaths  the  third  joint.  The 
fpots  were  orange  colour  and  deep  purple,  apd  did  not  occupy 
half  the  diameter  of  a  fpace  of  three  inches  long. 

Upon  again  examining  many  healthy  plants ,  I  found  not  Healthy  plants 
qnly  their  (heath  leayes,  but  even  the  ftraw  eaten  away  by 

Come 
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fooje  infe<5l,  and  at  the  fame  time  difcovcred  abundauce  of  the 
green  locuft  like  infect  on  the  ears;  of  which,  fee  the  magnified 
defign.  Fig.  pj^le  ix. 

lants  and  '  P*anls  ^  had  lately  innoculated  were  ftill  found: 

others  injured  , ol  iers  ^  Pinched  and  bruifed  in  the  upper  joint  (Ike wed 
by  violence,  no  alteration,  but  in  all  rcfpe&s  refembled  the  mod  healthy. 

Plants  gathered  ,^AU£  3r£^  18Cb’  *  wept  to.  a  field  of  Mr.  Oakley’s,  o 
which  have  the  efion,  where  (he  wheat  had  a  general  good  alpefl ;  and 

ftraw  and  the  m  m  ,  '  >  b  r 


Inoculated 
plants,  and 


grain  not  in  the  l'®1**10'1  .*"d  kbcl!ed>  ™rs  green  yet  full, 
fame  (healthy  or  No.  1 .  Sound  ears  with  difeafed  firaws. 

difeafed)  ftate.  No.  2.  Gompleatly  fmulty  ears  with  found  firaws  in  every 
refpedl. 

Fmo.  o.  A  tmutiy  and  a, found  ear  from  the  fame  root.  The 
found  ear  had  a  fpeck  of  fungus. 

ISO.  4.  Ears  with  crooked  tops,  others  twified  by  fpitlers ; 
others  with  crooked  beards,  fhort  fialks  and  long;  yet  all  of 
them  full  of  grain,  green  and  found. 

.No.  .5.  Ears  half  fmulty,  viz.  on  one  fide  all  the  way  up. 

No.  (5.  Ears  half  flagged,  (flagged  means  here  thofe  that 
flievv  only  the  fkeleton  of  the  ear  and  the  crooked  upper 

flalk  from  early  blight,  all  but  the  bare  poles  being  blown; 

away)  thefe  ears  were  ball  flagged  and  half  covered  with 
grains. 

No.  7.  bare  flaggSf  but  with  quite  fine  found  flraw. 
of  found  w*h eat*  daftly  ;  in  Auguft  and  September,  180.5,  at  Allcombe  near 

with rufty  ftraw;  Minehead,  I  collected  out  of  a  field  juft  reaped,  two  bundles 
nd /hi, veiled  which  with  all  the  others  I  tlill  keep  as  proofs  of  my  after- 

tious  .  One  all  of  found  wheat  with  all  their  upper  fialks 

very  much  covered  with  the  rufl  of  Sir  Jofeph  Bank’s  defec¬ 
tion,  and  the  other  all  of  black  and  fhrivelled  ears,  yet  all 
foupd  in  the  upper  flalk. 

Thefe  latter  mentioned  fialks,  I  think,  throw  great  light  on 
my  ultimate  conjedlures  drawn  from  every  obfervation  through 
the  whole  fcafon;  viz.  they  prefent  flinvelled,  blighted  grains, 
and  exhibit  fhort  ears,  becaufe  on  examination  they  were 

evidently  never  fufficiently  expofed  to  light  and  heat :  for  all 

their  firaws  though  clean  were  green,  not  yellow  as  thofe 
of  ripe  wheat  ought  to  be,  and  their  fmoaky  miferable  ap¬ 
pearance  (not  having  the  leafl  fmeil  of  the  fi  fliy  fmutt)  could 
only  arife  from  their  humble  fituation  below  the  other  ears, 
where  air,  fun,  and  light  was  deficient;  in  fact,  they  never 
ripened  properly.  The  flraw  remained  green,  and  die  fap 

probably 


wheat  with 
found  /haw. 


The  /hrivelled 
corn  was  never 
fairly  ripened. 


probably  returned  indead  of  being  intercepted  by  the  drying 
of  the  upper  joint ;  and  to  me  it  now  appears  to  be  a  fair 
conje£ture,  that  what  is  generally"  called  blighted  corn,  or  \Vhat  is  called 
tlrofe  ears  that  produce  fo  many  fhrivelled  grains,  and  which tQ  be  corJ^ 
we  are  called  upon  tofeek  a  remedy  tor,  is  nothing  more  than  prematurely 
the  effect  of  a  practice  of  late  much  recommended,  viz.  or  i^gne* 

reap  early,  a  practice  not  only  promoted  by  the  Miller,  who  isranCe, 
eager  for  the  new  corn  to  come  to  market,  but  by  the  avarice 
of  the  partner,  who  fears  that  hy  letting  it  ffand  too  long  the 
grain  may  fall  in  price,  and  reduce  his  profits ;  and,  what  is 
dill  more  unfortunate,  by  lome  agricultural  writers  ot  great 
reputation,  who  recommend  it  as  flopping  the  progrefs  of 
the  rufl,  forgetting  that  the  fun  only  can  effectually  destroy 
that  fuppofed  evil,  by  well  drying  the  ftravv. 

Far  be  it  from  the  writer  of  thefe  few  remarks  to  difeourage^  v,  ofen  ad- 
.  .  .  ,  ,  r  r  •  vifeable  to  reap 

any  attempt  at  faving  in  a  remarkably  wet  ieaton,  or  in  re-ear^ 

markably  wet  {Situations,  wheat  that  has  paffed  the  period 

ufually  productive  of  ripe  corn.  He  knows  that  in  cafes  ot 

laid-wheat  in  fnady  fituations,  by  reaping  it  early,  we  may 

accelerate  the  ripening  of  that  which  othervvife  would  not  have 

ripened  at  all,  by  the  operation  of  turning  and  expofing  the 

{heaves  to  the  fun,  and  fo  make  good  faying  crops ;  but  what 

he  w-ifhes  to  guard  againft  is,  that  eagernels  for  putting  in  the 

fickle  originating  in  the  motives  before  alledged ;  for,  rea  fon- Argument  Jit 

ing  from  analogy  do  we  not  always  find,  that  in  all  other  teed>  veap-mg- 

that  are  to  be  gathered,  thofe  alone  are  plump,  found,  and 

full  of  their  proper  flour,  that  are  differed  to  receive  the  utmoft 

influence  of  the  fun  while  on  the  fialk  ;  and  he  always  thought 

many  years  ago,  that  we  were  in  the  habit  ot  being  too  feartul 

of  the  latter  feafons ;  it  is  true  that  late  harvefts  are  expend ve 

in  collecting,  but  they  are  generally  weH  matured,  and  the 

infiance  of  barley  that  may  be  well  faved  (for  colour  can  have 


little  to  do  with  the  intrinfic  value  of  grain)  even  as  late  as 
November,  proves  the  jufiice  of  the  obfervation  ;  fruit  gather¬ 
ed  too  foon,  difappoints  all  view's  of  profit  or  pleafure,  and 
we  might,  he  thinks,  as  well  attribute  the  Oiri veiling  of  our 
apples  early  gathered  to  the  influence  of  the  apple-tree  mofs, 
as  the  fliri veiling  of  our  grains  of  wheat  to  a  fuppofed  blight 
originating  in  the  fungufes,  that  have  of  late  fo  much  alarmed 
the  theoretical  agricultures,  and  mconomifts  of  our  day. 


On 
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4 


f:  I  . 


TJie  vicinity  of 
the  barberry  doc* 
not  feem  to 
aft'cdt  grain. 


Object  of  in¬ 
quiry  j  the  laws 
of  the  propaga¬ 
tion  of  heat  in 
iolids. 


COUNT  RUMFORDfS  N  F.  W  FXfLRI  M  ENTS 

On  the  fa<5ls  expofed  I  could  greatly  enlarge,  but  I  think 
on  all  accounts  it  is  belt  at  prefent  to  offer  them  in  their 
prefent  form  to  the  reafoning  faculties  of  your  readers.  At 
any  rate  they  may  ferve  as  data,  and  if  they  fhould  fail  to 
bring  others  to  my  opinion,  may  aft,  I  truft,  as  ufeful  ftimu- 
Jants  to  the  further  inveftigation  of  a  very  curious  fubjeft  of 
enquiry,  as  to  what  are  the  nature  of  the  enemies  to  the  per- 
feffion  of  our  wheat  harveft. 

With  refpefl  and  efteem, 

I  am.  Sir, 

'-if  our  mofl  obedient  humble  Servant, 

•  G.  CUMBERLAND 


P.  S.  I  ought  to  obferve,  that  on  the  grains  of  wheat  fowp 
near  the  barberry,  I  had  no  opportunity  of  making  obferva- 
tions ;  but  that  I  have  a  dried  root  of  wheat  now  by  me,  on 
which  there  are  above  100  draws  that  are  all  clean  and  found, 
though  it  grew  a  few  years  ago  in  a  garden  where  barberry 
buflies  were. 


II. 

♦  . 

Experimental  Inveftigations  concerning  Heat.  By  Benjamin 
Count  of  Rumford,  P.P.B.S. 

(Concluded  from  Page  75.) 

Sect.  III.  Experiments  tending  to Jheiv  that  Heat  is  communi¬ 
cated  through  f olid  Bodies  y  hi/'  a  Law  which  is  the  fame  as  tha{ 
uhick  would  enfue  from  liadiation  between  the  Particles . 

f  .  .  .  »  1  •  1  1  »  1 

Having  made  a  confiderable  number  of  experiments  on 
the  paflage  of  heat  through  fluids,  and  through  different  tab- 

flances  in  the  date  of  powder,  I  was  curious' to  afcerlain  the 

♦  \  •  #l  «  * 

laws  of  its  propagation  through  folid  bodies,  particularly  me- 
tals. 

I  hoped  this  difeovery  would  furnifli  fome  additional  data, 
to  confirm  or  refute  the  opinions  1  had  adopted  concerning  heat 
and  its  manner  of  afting  ;  and  it  w  ill  be  feen  by  the  retails, 
that  my  expectations  were  not  fruftratecl. 

Having 
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Having  procured  two  cylindrical  veffels  of  tin,  e^.ch  fixDefcription  of 

inches  in  diameter  and  fix  inches  high,  I  fattened  them  toge“ Xwo cylindrical 
.{her  by  means  of  a  (olid  cvlinderof  copper  fix  inches  long  and  tin  vcfiVls  were 

an  inch  and  half  in  diameter,  which  was  fixed  horizontally  be- bar  ot'^opper.* 
tween  the  two  tin  veffels.  The  extremities  ot  the  cylinder 
paffed  through  two  holes  an  inch  and  hall  in  diameter,  made 
for  the  purpofe  in  the  tides  of  the  veffels,  midway  between  the 
bottom  and  top,  and  were  foldercd  faft  in  them. 

Each  of  the  veffels  was  made  flat  on  the  tide  where  the  cop¬ 
per  cylinder  wras  fattened,  fo  that  the  extremity  of  the  cylinder 
did  not  project  into  the  veflel,  but  was  level  with  the  flattened 
part. 

This  internment  was  fupported  at  the  height  of  eight  inches 

and  half  above  the  table  on  which  it  flood,  by  means  ol  three 

f*et,  two  fixed  to  one  of  the  veffels,  and  one  to  the  other. 

One  of  thefe  veffels  being  filled  with  boiling  water,  the  otherThe  vcfTels  filled 

with  water  at  the  freezing  point;  as  the  two  extremities  ol  t  h  e  ^  ^0a  te^  ° n  “ 

cylinder  were  placed  in  immediate  contact  with  thefe  twoother  at  32®. 

matfes  of  fluid,  a  change  of  temperature  muff  neceflarily  take 

place  by  degrees  in  all  the  interior  parts  ot  the  cylinder.  For 

the  purpofe  of  obferving  this  change,  three  vertical  holes  wereThe  changes 

made  in  the  cylinder,  into  which  were  introduced  the  bulbs  ot  ^‘kcd  by  three 
J  3  ,  f  thermometers  at 

three  fmall  mercurial  thermometers.  One  ot  the  holes  was  me^uai  diftanees. 
the  middle  of  the  cylinder;  the  others  midway  between  the 
centre  and  either  extremity. 

Each  of  thefe  holes  is  four  lines  in  diameter,  and  eleven 

\  * 

lines  and  half  deep;  fo  that  the  bulbs  of  the  thermometers, 
which  are  three  lines  in  diameter,  were  all  in  the  axis  of  the 
c\  linder. 

When  the  thermometers  were  put  in  their  places,  the  holes 
were  filled  with  mercury,  in  order  to  facilitate  the  communi¬ 
cation  of  heat  from  the  metal  to  the  bulb  of  the  thermometer. 

*  .  l 

To  keep  the  hot  water  conflantly  boiling,  a  fpirit  lamp  wasThe  one  water 

placed  beneath  the  veflel  containing  it;  and  to  keep  the  coldkePt  k°llmS  hy 
r  _  ,  '  r  .  c  n  a  lamp:  and  the 

water  conflantly  at  the  temperature  ot  melting  ice,  treth  por-other  col(i  by 

tions  of  ice  were  added  to  it  from  time  to  lime.  addition  of  ice. 

The  thermometers  are  graduated  to  Fahrenheit’s  fcale,  the 

freezing  point  being  marked  32°,  and  that  of  boiling  water 

212°.  '  '  ”  •  *' 

As  the  firfl  and  mofl  important  objeft  I  had  in  view  was,  toThe  thermome- 
learn  at  what  temperature  the  three  thermometers  would  be-t®r,s  not  notlceii 

r  till  nearly  fta- 

COme  tionary. 
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COUNT  RL'MFORd's  NEW  EXPERIMENTS 


The  thermome¬ 
ters  diftinguilh- 
cd» 

Experiment, 


Tabulated  re¬ 
sults. 


Account  of  the 
refults  that 
would  have  fol¬ 
lowed  the  hypo¬ 
thecs  of  heat 
being  propagated 
through  bodies 
by  radiation 
from  particle  to 
particle. 

The  par-tides  of 
folid  bodies  are 
diftant  from 
each  «tlier. 


come  fiationary,  I  did  no*  very  carefully  notice  the  progrefs 
of  the  thermometers  toward  this  point;  but  as  foon  as  they  ap- 
peared  nearly  fiationary,  I  obferved  them  with  the  greateft  aU 
tent  ion  for  near  half  an  hour. 

To  diflinguifh  the  three  thermometers  I  fhall  call  that  neareft 
the  boiling  water  B,  that  in  the  centre  C,  and  that  neareti  the 
cold  water  D. 

The  following  are  the  progrefs  and  refults  of  an  experiment 
made  the  28th  of  April,  180T,  the  temperature  of  the  air  being 
78^  of  Fahrenheit, 


*  i 


Time. 

Tempera¬ 
ture  of  the 
hot  water. 

Tempera¬ 
ture  marked 
by  the  ther¬ 
mometer  B. 

Tempera¬ 
ture  marked 
by  the  ther¬ 
mometer  c. 

Tempera¬ 
ture  marked 
by  the  ther¬ 
mometer  D. 

Tcmpera- 
ature  of  the; 
cold  water. 

\ 

H.  m.  s. 

Degrees. 

Degrees. 

Degree?. 

Degrees. 

Degrees, 

J  52  15 

212 

160 

130 

105 

32 

—  53  30 

— 

]60| 

131 

105} 

— 

—  55 

— 

161 

131} 

106 

—  56  30 

— 

161} 

132 

106} 

— 

—  58 

— 

162 

1  32* 

107 

— ■ 

2  0  0 

— 

162 

132J 

107} 

— 

—  I  30 

— 

162 

133 

107} 

- — 

—  4 

— 

162 

132} 

106} 

— 

—  6 

— 

162 

132 

106 

• — - 

—  9 

— 

162 

l$2f 

106} 

— - 

—  1 1 

— 

162 

1 32  i 

106} 

— 

— -  28 

— 

162 

132} 

106} 

* 

Before  I  proceed  to  examine  more  minutely  the  refults  of  tin's 
experiment,  I  will  endeavour  to  fhow  thole  refults  which  it 
ought  to  have  exhibited,  on  the  luppol]tion  that  heat  is  propa¬ 
gated,  even  in  the  interior  of  folid  bodies,  by  radiations  ema¬ 
nating  from  the  furfaces  of  the  particles  compofing  thefe 
bodies. 

On  this  fuppofition  we  muff  neceflarily  confider  the  particles 
lhatcompofe  bodies  as  being  Jeparate  from  each  other,  and  even 
to  pretty  conliderable  di fiances  compared  with  the  diameters 
of  thefe  particles;  but  there  is  nothing  repugnant  to  the  ad- 
mitlion  of  this  fuppofition  ;  on  the  contrary,  there  are  many 
phenomena  which  apparently  indicate  that  all  the  folid  bodies 
with  which  we  are  acquainted  are  thus  iormed. 

To 
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To  fee  now  by  what  la\v  heat  would  be  propagated  in  a  folid  b  die  fold  cy- 
J  /  ,  .  ,  Under  con  hit  ot 

Cylinder,  let  us  reprelent  the  axis  ot  this  cylinder  by  a  right  three  equi-dif- 

line  AE,  Plate  VII.  Fig .  1  ;  (lee  our  lall  number)  and  let  us  tant  panicles, 

begin  with  fuppofmg  that  the  cylinder  confiftsof  three  particles 

of  matter  only,  ACE,  placed  at  equal  diftances  in  that  line. 

Let  us  farther  fuppofe,  that  the  extremity  A  of  the  cylinder — and  the  ex- 
is  conftantly  at  the  temperature  of  boiling  water,  while  its 
other  extremity,  E,  remains  invariably  at  the  freezing  point,  freezing  tem- 

By  an  experiment,  of  which  I  have  already  given  an  ac- 
count  to  the  clafs*,  I  found  that  when  two  equal  bodies,  A  B,  die  particle 
one  hotter  than  the  other,  are  ifolated  and  placed  oppolite  wou^ld  have  the 
each  other,  the  intenfities  of  their  radiations  are  fuel),  that  a  tcmper3ture : 
third  body,  C,  placed  in  the  middle  of  the  fpace  that  feparates  A  body  midway 
them,  will  acquire  a  temperature  by  the  fimultaneous  aftion  o^rTacquires 
of  thefe  radiations,  which  will  be  an  arithmetical  mean  be- the  mean  heat 
tween  thofe  of  the  two  bodies  A  and  B.  ^  iadl'‘Ciona 

From  the  refult  of  thisexperiment  we  have  ground  to  con- — or 
elude,  that  If  the  cylinder  were  compofed  of  three  particles 
of  matter  only.  A,  C,  E,  the  particle  C,  which  is  in  the  mid¬ 
dle  of  the  cylinder,  muff  necetlarily  have  the  arithmetical 
mean  temperature  between  that  of  A  and  that  of  E,  which 
are  at  the  two  extremities  of  the  cylinder;  that  is  to  fay,  be¬ 
tween  212°  and  32°  of  Fahrenheit,  which  is  122°. 

Now  let  us  interpofe  between  the  particles  A,  C,  and  E,  Suppofe  tw* 
two  other  particles  B  D,  and  fee  whether  the  introdu&ion  of  in^erpofedf 
thefe  two  particles  will  make  any  change  in  the  temperature 
of  the  particle  C  that  occupies  the  middle  of  the  cylinder. 

If  the  particle  B  be  placed  in  the  middle  of  the  fpace  com-  Thefe  would 
prifed  between  the  extremity  A  of  the  cylinder  and  its  middle, 

C,  it  ought  to  acquire  a  mean  temperature  between  that  of  the  ature  between 

extremity  A  of  the  cylinder,  and  that  of  the  point  C,  narae}y 

that  of  167®,  the  mean  between  212®  and  122°;  and  if  the  neareft  end  par- 

particle  D  be  placed  in  the  midfl  of  the  fpace  comprised  be-  tide, 

tween  the  middle  of  the  cylinder  and  its  other  extremity,  E, 

this  particle  ought  to  acquire  a  mean  temperature  between 

that  of  the  middle  of  the  cylinder  and  that  of  its  extremity  E; 

it  ought  then  to  have  the  temperature  of  77°. 

From  this  new  arrangement,  the  particle  C,  fituate  in  the 

/middle  of  the  cylinder,  will  find  for  its  neighbours  on  one  fide  alter  the  tem- 

peratuxe, 

*  See  our  Journal,  IX.  193* 

the 
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the  particle  B,  at  the  temperature  of  167°,  and  dh  the  other 
the  particle  D,  at  that  of  77".  The  point  in  queflidn  is,  whe* 
(her  tlie  prefence  ot  thefe  two  particles  will  make  any  change 
in  the  temperature  of  the  particle  C,  or  not. 

In  the  flrft  place  it  is  evident,  that  if  the  calorific  influences 
ot  the  particle  B  On  the  particle  C  be  as  efficacious  in  heating 
it,  as  the  trigorifle  influences  of  the  particle  D  be  in  cooling  it, 
the  temperature  ot  the  particle  C  ought  not  to  be  changed, 
dut  experience  has  fliewn,  that,  at  equal  diflances  and  equal 
intervals  of  temperature,  the  calorific  influences  of  hot  bodies, 
and  tiie  trigoritic  influences  of  cold  bodies,  are  exadtly  equal; 
and  as  the  diflance  from  B  to  C  is  equal  to  the  diflance  from  D 
to  C,  while  the  interval  of  temperature  between  Band  C  = 
4h°,  is  the  fame  as  that  between  D  and  C  =  45°;  it  is  evident 
that  the  temperature  of  the  particle  C,  which  is  in  the  middle 
ot  the  cylinder,  can  be  no  way  afletlfed  by  the  introduction 
ot  the  intermediate  particles  B  and  D. 

By  the  fame  way  of  realoning  may  be  proved,  that  the  in¬ 
ti  oduction  of  an  indefinite  number  ot  intermediate  particles 
would  produce  no  change  in  the  temperature  of  the  middle  of 
the  axis  ol  the  cylinder,  or  in  any  part  of  it;  and  if  the  intro¬ 
duction  of  an  indefinite  number  ot  intermediate  particles  make 
no  change  in  the  date  of  a  thermometer  placed  in  the  middle 
ot  the  axis  ot  the  cylinder,  we  may  conclude  that  the  ther¬ 
mometer  would  remain  equally  flationary,  if  the  number  of 
intermediate  particles  were  increaled  till  they  had  that  proxi¬ 
mity  to  each  other  which  is  necellary  to  conflitute  a  folid  body. 
If,  inflead  ot  a  Angle  row  of  particles  in  a  right  line,  there 
were  a  bundle  compofed  ot  an  indefinite  number  of  fuch  rows 
placed  tide  by  fide,  forming  a  folid  cylinder,  the  temperature 
in  the  different  parts  ot  the  line  AE  would  remain  the  fame. 

From  this  reatoning  we  may  infer,  that  the  temperatures  of 
the  different  parts  of  the  cylinder  fliould  decreafe  in  arithmeti¬ 
cal  progreflion  from  one  extremity  of  the  cylinder  to  the  other. 

But  it  is  evident,  that  this  law  of  decrement  of  temperature 
could  take  place  only  in  the  Angle  cafe  of  the  furface  of  the 
cylinder  being  completely  ifolated,  fo  as  to  be  no  way  affe&ed 
by  the  adtion  of  furrounding  bodies,  which  is  abfolutely  iui- 
poflible. 

The  circumflances  under  which  the  experiments  were  made 
are  very  different  from  thofe  here  taken  for  granted.  The 

bodies 
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bodies  we  fubj^ft  to  experiment  are  conftanlly  furrounded  6ri 
all  fldes  by  the  air  and  other  bodies  which  adl  on  air  inftruments 
continually,  and  otten  in  a  very  perceptible  manner;  and  we 
can  never  hope  to  ilolate  a  cylinder  fo  completely  that  the  ap¬ 
parent  progrels  ot  heat  in  its  interior  thall  perceptibly  obey  the 
taw  we  havejufi  difcovered.  In  common  cafes  it  deviates  wide¬ 
ly  from  this  law. 

As  the  caules  of  this  deviation  are  well  known,  we  will  fee 
whether  there  be  no  means  of  appreciating  their  effects. 

The  furface  of  the  cylinder  being  furrounded  by  the  atmof- 
pheric  air  and  other  bodies,  all  which  are  of  a  known  and  fen- 
iibly  condant  temperature,  we  may  determine  the  comparative 
effects  of  thefe  bodies  on  the  different  parts  of  the  furface  of 
the  cylinder. 

In  thofe  parts  of  the  cylinder  which  are  hotter  than  the  air 
and  other  furrounding  bodies,  the  furface  of  the  cylinder  will 
be  cooled  by  the  action  of  thefe  bodies ;  but  if  one  of  the  ex¬ 
tremities  of  the  cylinder  be  colder  than  the  atmofpheric  air, 
thofe  parts  of  the  cylinder  which  are  colder  than  the  circum¬ 
ambient  fluid  will  be  heated  by  its  influence  and  that  of  the  fur- 
rounding  bodies. 

We  will  begin  with  examining  the  cafe  where  the  coldeft 
extremity  of  the  cy  linder  is  at  the  fame  temperature  as  the  fur¬ 
rounding  air.  Let  us  fuppofe  then,  that  the  experiment  with 
boiling  water  at  the  one  end  and  freezing  at  the  other  be  made 
when  the  temperature  of  the  air  is  at  the  freezing  point,  or  32° 
of  Fahrenheit. 

In  thiscale  it  is  evident  that  the  furface  of  the  cylinder  mull 
every  where  be  cooled  by  the  influence  of  the  furrounding  at- 
mofphere.  The  queftion  then  is  to  determine  the  comparative 
effects,  or  the  relative  quantities  of  refrigeration  or  lofsof  heat, 
that  muft  take  place  in  the  different  parts  of  the  cylinder :  and  in 
the  firft  place  it  is  clear,  that  the  hotter  a  given  part  of  the  cy¬ 
linder  is,  the  more  heat  it  muft  lofe  in  a  given  tinje,  by  the  in¬ 
fluence  of  the  furrounding  cold  bodies;  whence  we  may  con¬ 
clude,  that  the  refrigeration  of  the  furface  of  the  cylinder  by 
the  influence  of  the  air  and  other  furrounding  cold  bodies  muft 
neceffarily  diminifh  from  the  extremity  of  the  cylinder  A,  which 
is  in  contact  with  the  hot  water,  to  its  extremity  E,  which  is 
in  contyft  with  the  cold. 

from 
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The  change  Js  From  reafoning  which  appears  incontrovertible,  an'd  which 

to  fhe  difference  re^ts  °f  a  grcat  number  of  experiments  appear  to  confirm, 
of  temperature,  it  has  been  concluded  that  the  celerity  with  which  a  hot  body' 
placed  in  a  cold  medium  is  cooled,  is  always  proportional  to 
the  difference  between  the  temperature  of  the  hot  body  and 
that  of  the  medium.  Confidering  this  conclufion  as  eftablifhcd, 
we  may  determine  a  priori  what  ought  to  be  the  gradation  of* 
temperatures  in  the  interior  of  a  given  folid  cylinder  furrounded 
by  air,  one  extremity  of  which  is  in  contaft  with  a  confidera- 
ble  body  of  boiling  water,  while  the  other  is  fimilarly  in  con¬ 
tact  with  cold. 

We  have  feen  that,  if  the  furface  of  the  cylinder  wereper- 
feftiy  ifolated,  the  decreale  of  temperature  from  the  hotted: 
extremity  of  the  cylinder  A  to  its  other  extremity  E,  which  is 
in  contact  with  cold  water  would  be  in  arithmetical  progre£iont 
and  it  has  juft  been  (hewn,  that  the  decreafe  muft  neccffarily” 
be  accelerated  by  the  a£Hon  of  the  air  and  other  furrounding 
cold  bodies. 

But  the  acceleration  of  the  decreafe  of  temperature  in  thofe 
parts  of  the  cylinder  which  are  towardthe  cold  extremity,  de¬ 
pending  on  the  action  of  the  air  and  furrounding  bodies,  muft 
be  continually  diminifiling  in  proportion  as  the  temperature  of 
the  furface  of  the  cylinder  approaches  nearer  and  nearer  that 
of  the  air;  and  hence  we  may  conclude,  that  if  a  given  num¬ 
ber  of  points  at  equal  difiances  from  each  other,  be  taken  in 
the  axis  of  the  cylinder,  the  temperatures  correfponding  with 
thefe  points  will  be  in  geometrical progrejfion. 

We  may  reprefent  the  progrefs  of  the  decreafe  of  temper¬ 
ature  by  Fig.  2.  P/.;V1I.  M‘w 

— arut  may  be  In  a  right  tine  A  E,  reprefenting  the  axis  of  the  cylinder,  if 

th^lo-arhhmic  ta^c  ^iree  points  B,  C  and  D,  fo  that  the  difiancei 
curve.  A  B,  B  C,C  D,  and  D  E  ’Chair  be  equal;  and,  erecting  thC 

perpendiculars  A  F,  B  G,  C  H,  D  I,  E  K,  take  A  F=  the  tem¬ 
perature  of  the  cylinder  at  its  extremity  A,  BG=its  tem¬ 
perature  at  the  point  B,  and  fo  of  the  refi  ;  the  ordinates  A  F,  ‘ 
B  G,  &c.  will  be  in  geometrical  progrefiion,  while  their  cor¬ 
refponding  abfeiffes  are  in  arithmetical  progrefiion ;  confe- 
quently  the  curve  P  Q,  which  touches  the  extremities  of  all 
thefe  ordinates  muft  necefiarily  be  the  logarithmic  curve. 

We  will  now  fee,  whether  the  refults  of  experiment  agree 
with  the  theory  here  exhibited  or  not. 

To 
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To  form  our  judgment  with  eafe,  and  as  it  were  at  a  (ingle 
glance,  ot  the  agreement  of  our  theory  with  the  relults  of  the 
experiment,  of  which  I  gave  an  account  at  the  beginning  of 
this  memoir,  we  have  only  to  represent  thefe  refults  by  a  fi¬ 
gure  in  the  following  manner. 

On  the  horizontal  line  A  E,  Fig.  3.  reprefenting  the  axis  of  Conftruftion  of 
the  cylinder  employed  in  the  experiment,  we  will  take  three  fng^^curve^" 
points,  B,  C  and  D;  one,  C,  in  the  middle  of  the  axis,  being  and  its  ordinates 
the  fitoation  of  the  central  thermometer,  the  other  two,  B  and  a^ua^o^ferv- 
D,  at  the  intermediate  points  which  the  other  two  thermo-  ed. 
meters  occupied  between  the  middle  of  the  axis  and  its  two 
extremities. 

Ere&ing  the  perpendiculars  A/,  Bg,  C  h,  D i,  and  E k,  on 
the  points  A,  B,  C,  D  and  E;  and  taking  the  ordinate  A/= 

212,  the  temperature  of  boiling  water;  Bg=.\62,  the  tem¬ 
perature  indicated  by  the  thermometer  B ;  C  1 32J,  the  tem¬ 
perature  indicated  by  the  thermometer  C;  Df=106|,  the 
Temperature  given  by  the  thermometer  D ;  and  Iaftly,  E  £= 

32,  the  temperature  of  water  mixed  with  pounded  ice;  a 
curve,  P  Q,  palling  through  the  points /,  g,  h>  i,k,  ought  to  be 
the  logarithmic ;  that  is,  fuppoling  the  temperature  of  the  fur- 
rounding  air  to  be  conftantly  at  the  temperature  of  melting  ice 
during  the  experiment. 

But  the  experiment  in  quefiion  was  made  when  the  temper-  The  curve  has  a 
ature  of  the  air  was  at  78°  F.  confequently,  reckoning  from  P0,^^r^ontra“ 
a  certain  point,  taken  in  the  length  of  the  cylinder,  where  the  ^ 
temperature  was  at  7  8°,  to  the  extremity  E,  the  influence  of 
the  furrounding  air,  inftead  of  cooling  the  furface  of  the  cy¬ 
linder,  heated  it;  and  it  is  evident,  that  the  curve  PQ  muff 
neceflarily  in  this  cafe  have  a  point  of  inflexion. 

In  fadt  it  appears  on  a  Ample  infpe&ion  of  the  figure,  that  It  is  likewifs 
the  curve  PQ  has  a  point  of  inflexion;  but  we  fee  Iikewife, irregular* 
that  this  curve  is  not  regular.  That  branch  which  is  concave 
toward  the  axis  of  the  cylinder  is  not  fimilar  to  the  adjoining 
portion  of  the  curve,  of  equal  length,  which  is  convex  toward 
that  axis ;  as  it  ought  to  be  according  to  our  theory ;  and  even 
the  part  of  the  curve  which  is  convex  toward  the  axis  A  E, 
differs  fenfibly  from  the  logarithmic,  particularly  toward  its 
extremity  P. 

It  ought  neceflarily  to  differ  from  this  curve,  as  far  as  the  de~  The  deviation  is 

ci  lions  of  our  thermometers  are  defective;  but  the  deviation  be-  t0°  muc}l  f 
J  J  owing  to  the  de- 
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tween  the  ordinates  A / and  Bg,  indicated  by  the  retults  of 

the  experiment  in  queftion,  appears  to  me  much  loo  confider- 

able  to  be  afcribed  to  the  imperf’e&ion  of  our  thermometers. 

It  differs  greatly  To  tee  how  far  the  curve  P  Q  differs  from  the  logarithmic, 

from  the  logar-  vve  have  only  to  draw  a  logarithmic  curve  R  S  through  the 
itiimic.  ,  ,  .  ,  r  a 

points  g  and  i,  and  vve  fball  find,  that  the  ordinates  correlponcl- 

ing  to  the  points 
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*  » 

The  very  great  difference  that  exifts  between  the  temper¬ 
ature  of  cold  water,  and  that  indicated  by  the  refults  ot  the 
experiment  for  the  extremity  of  the  cylinder  which  was  in 
contact  with  this  water,  led  me  to  fufpe6t,  that  it  was  owing 
to  the  quality  pofTelfed  by  water  in  common  with  other  fluids, 
which  renders  it  a  very  bad  conductor  of  heat. 

If  it  be  true,  as  1  believe  I  have  elfcvvhere  proved,  that 
rents  in  the  cold  there  is  no  fenfible  communication  of  heat  between  the  adja- 

wat^r.  be'fs  m'  cent  particles  of  a  fluid,  from  one  to  another;  and  that  heat  is 
oonfiuerable#  *  -  r  *  c 

propagated  through  fluids  only  in  confequenee  of  a  motion  or 
their  particles,  resulting  from  a  change  in  their  fpecific  gravity, 
occasioned  by  their  being  heated  or  cooled:  as  the  fpecific 
gravity  of  water  is  very  little  altered  by  an  inconfiderable 
change  of  temperature  when  this  fluid  is  near  the  freezing 
point,  it  might  have  been  forefeen,  that  a  folid  body  a  little 
heated,  and  plunged  into  cold  water,  would  be  very  (lowly 
cooled. 

‘  -j  i  '  .  i  i  1  *  •  ^  i 

The  refult  of  the  following  experiment,  which  I  made  with 
a  view  to  elucidate  this  point,  will  put  the  fa£t  out  of  all  doubt. 
When  the  cold  The  three  thermometers  being  flationary,  one,  B,  at  162Q, 
water  was  brilk- the  fecond,  C,  at  132|°,  and  the  third,  D,  at  106|°,  the 
thermometers  wa^r  in  contaft  with  one  of  the  extremities  of  the  cylinder 
were  all  greatly  being  flill  boiling,  while  the  water  mixed  with  pounded  ice, 
which  was  in  contact  with  the  other  extremity,  was  conflantly 
at  the  temperature  of  melting  ice,  I  began  to  ffir  this  mixture 
of  ice  and  w'ater  pretty  brilkly  with  a  little  flick,  and  I  con¬ 
tinued  to  flir  it  uninterruptedly,  and  with  the  fame  velocity, 
for  two  and  twenty  minutes.  .  >  ■  7 

I  had  fcarcely  begun  this  operation,  when  I  h^d  a  proof, 

that 
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that  my  conjectures  were  well  founded.  The  mercury  in  the 
three  thermometers  immediately  began  todefcend,  and  did  not 
flop  till  it  had  fallen  very  confiderably. 

The  thermometer  B  fell  from  I62y  to  152°  ;  C  from  132|°  Quantities  of 
to  1  1  1|°  ;  and  D  from  106|°  to  78f°.  depiC  10n' 

On  comparing  thefe  numbers  we  find,  that,  in  confequence 
of  the  agitation  of  the  cold  w'ater  for  two  and  twenty  minutes, 
the  thermometer  B  fell  10°  of  Fahrenheit's  fcale,  the  thermo¬ 
meter  C  21°,  and  the  thermometer  D  28°. 

As  Coon  as  I  had  ceafed  to  ftir  the  cold  water,  the  three 
thermometers  began  to  rife,  and  at  the  end  of  a  quarter  of  an 
hour  they  had  all  reached  the  points  from  which  they  fet  out 
at  the  beginning  of  this  operation. 

To  facilitate  the  comparifon  of  the  refults  of  thefe  two  ex-  Diagram  to  rei 
periments,  one  made  with  cold  water  at  reft,  the  other  with 
the  fame  w'ater  in  a  ftate  of  conftant  agitation,  I  have  repre¬ 
sented  them  in  Fig.  4. 

In  the  firft  place  we  fhall  learn  Several  very  interefting  fads  Obfervations 
by  Simple  infpeCtion  of  this  figure;  we  fhall  fee,  1ft.  that  the^"n^'is 
progrefs  of  refrigeration,  or,  to  Speak  more  properly,  the  de- 
creafeof  temperature,  was  every  where  much  more  rapid,  when 
the  cold  wrater  in  contaCt  with  the  extremity  of  the  cylinder  E 
was  agitated  when  it  was  at  reft. 

2dly.  That  the  extremity  of  the  cylinder  in  contact  with 
this  water  was  conftantly  near  30°  colder  in  the  firft  cafe  than 
in  the  Second. 

3dly.  We  fhall  fee,  that  the  progrefs  of  refrigeration  was 
every  where,  and  in  both  the  experiments.  Such  nearly  as  our 
theory  points  out. 

The  decreafe  of  temperature  toward  the  middle  of  the  cy¬ 
linder  was  So  regular,  that  it  is  more  than  probable  the  appa¬ 
rent  irregularities  toward  the  two  extremities  were  occafioned 
Solely  by  the  difficulty  which  a  body  of  water  finds  in  commu¬ 
nicating  its  mean  temperature  to  a  Solid,  with  which  it  is  in 
contaCf. 

The  boiling  water  being  in  continual  motion  owing  to  its  Agitation  in¬ 
ebullition,  it  had  a  great  advantage  over  the  cold  water,  which  creafed  the  ef- 
n  .  .  .  .  fe&  of  the  boil- 

was  at  reft,  in  communicating  its  temperature  to  the  extre-  ing  vvater  iike. 

mity  of  the  cylinder  it  touched;  but  I  have  found,  notwith-  wife. 

Standing  this,  that  by  agitating  the  boiling  w'ater  ftrongly  with 
a  quill,  and  particularly  when  with  the  quill  I  made  a  rapid 

M  2  SriClion 
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The  difference 
between  the  ex¬ 
periment  and  the 
theory  confirm 
its  truth ; 


beeaufe  the 
fcales  of  our 
thermometers 
are  defedtive. 


To  improve  this 
tnftrument  is  an 
objedt  of  impor¬ 
tance. 


The  air  thermo¬ 
meter  deferves 
to  be  attended 
to. 


fritlion  againft  (he  end  of  the  cylinder  immerfed  in  the  boi 
ing  water,  I  occalioned  all  the  thermometers  to  rife  feveral 
degrees. 

It  may  perhaps  be  imagined,  at  fir fl  fight  of  the  refults  of 
the  experiment,  that,  as  the  three  thermometers,  which  occu¬ 
pied  the  parts  about  the  middle  of  the  axis  of  the  cylinder,  did 
not  indicate  a  decreafe  perfectly  agreeing  with  the  theory,  the 
theory  itfelf  cannot  be  true:  but  a  moment’s  reflection  will 
(how,  that  this  inference  would  be  too  hafty,  and  that  the  dif¬ 
ference  between  the  theory  and  the  refults  of  our  experiments, 
far  from  proving  any  thing  adverfe  to  the  theory,  ferve  on  the 
contrary  to  render  it  more  probable. 

The  refults  of  fuch  experiments  can  never  agree  with  the 
theory,  except  the  divifions  of  our  thermometers  be  perfectly 
accurate:  but  it  is  well  known  to  every  one,  who  has  any 
knowledge  of  natural  philofophy,  that  the  divifions  of  our  ther¬ 
mometers  are  defe6tive. 

One  of  the  objedls  I  had  in  view  in  the  experiments,  of 
which  I  have  juft  given  an  account  to  the  <Jafs,  and  in  feveral 
others,  which  I  intend  to  make  without  delay,  is  to  improve 
the  divilion  of  the  feale  of  the  thermometer,  in  order  to  render 
this  valuable  inftrument  of  greater  utility  in  the  delicate  in- 
vefiigatiops  of  natural  philofophy. 

It  appears  certain,  that  the  increafe  of  the  elafticity  of  air 
by  heat  is  much  more  nearly  proportionate  to  the  increafe  of 
temperature,  than  the  dilatation  of  mercury  or  any  known 
fluid ;  confequently  it  is  the  air  thermometer  we  ought  to  en¬ 
deavour  to  improve,  and  which  muft  ultimately  aflbrd  us  the 
inoft  accurate  meafure  of  heat,  that  it  is  poflible  for  us  to 
procure. 


Sect.  IV.  The  Heat  'produced  in  a  Body  by  a  given  Quantity 
of  folar  Light  is  the  fame  whether  the  Rays  be  deafer  or  rarer , 
convergent ,  parallel,  ur  divergent. 

Whether  the  In  all  cafes  where  the  rays  of  the  fun  flrike  on  the  furface 

generated°hyh  3t  an  °Pa^e  body  without  being  reflected,  heat  is  generated, 

the  folar  rays  be  and  the  temperature  of  the  body  is  increaled  :  but  is  the 

proportional  to  quantity  of  heat  thus  excited  always  in  proportion  to  the  quan- 
the  light  ab-  \  ...  ,.r  .  . 

forbed.  tity  °‘  light  that  has  dilappeared  r  1  his  is  a  very  interefting 

queftion,  and  has  not  hitherto  found  a  decifive  folution. 

When 
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When  we  confider  the  prodigious  intenfity  of  the  heat  ex-  It  does  not  fol- 

cited  in  the  focus  of  a  burning:  mirror  or  a  Jens,  we  are  tempted  !ow  ^om 

to  believe,  that  the  concentration  and  condenfation  of  the  lolar p0lute  power  of 

rays  increafe  their  power  of  exciting:  heat:  but,  if  we  examine  the  rayst0  Pr°- 

1  °  *  ^  duce  heat  can  be 

the  matter  more  clofely,  we  are  obliged  to  confefs,  that  fuch  increafed  by 

an  augmentation  would  be  inexplicable.  It  would  be  equally  condenfing 
fo  on  both  the  hypothefes,  which  natural  philofophers  have 
formed  of  the  nature  of  light:  for,  as  it  has  been  proved  both 
by  calculation  and  experiment,  that  two  undulations  in  an 
elaftic  fluid  may  approach  and  even  crofs  each  other,  without 
deranging  either  their  refpeCiive  directions  or  velocities,  if 
light  be  analogous  to  found,  we  do  not  fee  how  the  concen¬ 
tration  or  condenfation  of  thefe  undulations  can  increafe  their 
force  of  impulfe  :  and  if  light  be  a  real  emanation,  as  its  ve*- 
locity  is  not  altered,  either  by  the  change  of  direction  it  un¬ 
dergoes  in  palling  through  a  lens,  or  by  its  reflection  from  the 
furface  of  a  polifhed  body,  it  feems  to  me,  that  the  power  of 
each  of  thefe  particles  to  excite  or  impart  heat,  muft  neceflarily 
be  the  fame  after  refraCtion  or  reflection  as  before ;  and  con- 
fequently,  that  the  heat  communicated  or  excited  muft  be,  in 
in  all  cafes,  as  the  quantity  of  light  abforbed. 

I  have  juft  made  fome  experiments,  which  appear  to  me  to  Experimental 
eftablifh  this  fa Ct  beyond  queftion.  inveftigation. 

Having  procured  from  the  optician  Lerebours  two  lenfes  Two  convex 
perfectly  equal,  and  of  the  fame  kind  of  glafs,  four  inches  in  fimUa/were^^ 
diameter,  and  of  eleven  and  a  half  focus,  I  expofed  them  at  the  ufed, 
fame  time  to  tire  fun,  fide  by  fide,  about  noon,  when  the  fky 
was  very  clear  ;  and  by  means  of  two  thermometers,  or  refer- 
voirs  of  heat,  of  a  peculiar  conftruCtion,  I  determined  the  re¬ 
lative  quantities  of  heat,  that  were  excited  in  given  times  by 
the  folar  rays  at  different  diftances  from  the  foci  of  the  lenfes. 

The  two  refervoirs  of  heat  are  a  fort  of  flat  boxes  of  brafs  to  throw  the 

filled  with  water.  Each  of  thefe  refervoirs  is  three  inches  ten  ^un  s.  LlPon 

flat  tin  boxes 

lines  and  a  half  in  diameter,  and  fix  lines  thick,  well  poliflied  containing  water 
externally  on  all  Tides  except  one  of  its  two  flat  faces,  which  an-d  blackened 
was  blackened  by  the  -fmoke  of  a  candle.  On  this  face  the  faces, 
folar  rays  were  received  in  the  experiments. 

Each  of  thefe  refervoirs  of  heat  weighs  when  empty  6850 
grains,  poids  de  marc ,  (near  a  pound  troy),  and  contains  12  IQ 
grains  of  water  (about  2  oz.  2  dwts. 

Taking 
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The  tempera¬ 
ture  of  the  wa¬ 
ter  in  each  was 
fhewn  by  a  ther 
xnometer. 


L’ght  admitted 
through  equal 
apertures* 


Experiment. 

With  equal 
apertures  the 
fular  fpots  from 
the  lenfes  were 
of  6  and  of  24 
lines  diam. 


Taking  the  capacity  of  brafs  for  heat  lo  be  to  that  of  water 
as  0,11  lo  1,  it  appears,,  that  the  capacity  of  the  metallic  box, 
weighing  6850  grains,  is  equal  to  the  capacity  of  622  grains 
of  water  ;  and  adding  this  quantity  of  water  to  that  contained 
in  the  box,  we  fliall  have  the  capacity  of  the  refervoir  pre¬ 
pared  for  the  experiments  equal  to  that  of  1932  grains  of 
water. 

Each  refervoir  is  kept  in  its  place  by  a  cylinder  of  dry  wood, 
one  of  the  extremities  of  the  cylinder  being  fixed  in  a  focket 
in  the  center  of  the  interior  face  of  the  refervoir ;  and  each 
refervoir  has  a  little  neck,  through  which  it  is  filled  with  water, 
and  which  after  receives  the  bulb  of  a  cylindrical  thermometer, 
that  reaches  completely  acrofs  the  infide  of  the  box  in  the  di¬ 
rection  of  its  diameter. 

The  two  refervoirs  of  heat,  with  their  two  lenfes,  are  firmly 
fixed  in  an  open  frame,  which  being  moveable  in  all  directions 
by  means  of  a  pivot  and  a  hinge,  the  apparatus  is  eafily  di¬ 
rected  toward  the  fun,  and  made  to  follow  its  motion  regularly, 
fo  as  to  keep  the  folar  fpeClra  conftantly  in  the  centers  of  the 
blackened  faces  of  the  refervoirs. 

In  order  that  the  quantities  of  light  palling  through  the  two 
lenfes  fhould  be  perfectly  equal,  a  circular  plate  of  well  po- 
lifhed  brafs,  in  the  centre  of  which  is  a  circular  hole  three  in¬ 
ches  and  a  half  in  diameter,  is  placed  immediately  before  each 
of  the  lenfes. 

When  the  refervoirs  of  heat  are  placed  at  different  diftances 
from  the  focufes  of  their  refpeCtive  lenfes,  the  diameters  of  the 
folar  fpcCtra,  which  are  formed  on  the  blackened  faces  of  the 
refervoirs,  are  neceffarily  different;  and  as  the  quantities  of 
light  are  equal,  its  denfity  at  the  furface  of  each  refervoir  is 
inverfely  as  the  fquare  of  the  diameter  of  the  fpeClrum  formed 
on  that  furface. 

Experiment  I, 

In  this  experiment  the  refervoir  A  was  placed  fo  near  the 
focus  of  the  lens,  between  the  lens  and  the  focus,  that  the 
diameter  of  the  folar  fpeClrum  falling  on  it  was  only  \  an  inch, 
or  6  lines,  while  the  refervoir  B  was  advanced  fo  far  before 
the  focus,  that  the  fpeClrum  was  two  inches  in  diameter,  or 
24  lines. 

1  As 
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As  the  quantities  of  light  falling  on  both  were  equal,  the 
denfity  of  the  light  at  the  furface  of  the  refervoir  A  was  to  the 
denfity  of  that  at  the  furface  of  the  refervoir  B,  as  the  fquare 
of  24  to  the  fquare  of  6,  or  as  16  to  1. 

I  imagined,  that,  it  the  quantity  ot  heat,  which  a  given 
quantity  of  light  is  capable  of  exciting,  depended  any  way  on 
its  denfity,  as  the  dentities  were  fo  different  in  this  experiment, 

I  could  not  fail  to  difcover  the  fa6i  by  the  difference  of  time, 
which  it  would  require  to  raife  the  two  thermometers  the  lame 
number  of  degrees. 

Having  continued  the  experiment  more  than  an  hour,  on  a 
very  fine  day,  when  the  fun  w'as  near  the  meridian  and 
fiione  extremely  bright,  I  did  not  find,  that  one  ol  the  refervoirs 
wfas  heated  perceptibly  quicker  than  the  other. 

Erpcriment  II. 

I  placed  the  refervoir  of  heat  A  flill  nearer  the  focus  of  the 
lens,  in  a  fituation  where  the  tolar  lpe<5irum  was  only  4^  lines 
in  diameter,  and  where  blackened  paper  caught  fire  in  two  or 
three  feconds  ;  and  I  removed  the  relervoir  B  ltill  farther  from, 
the  focus,  advancing  it  forward  till  the  diameter  ot  the  (peclrum 
was  two  inches  three  lines. 

The  denfities  of  the  light  at  the  furfaces  of  the  refervoirs  in 

this  experiment  were  as  32  to  l.  ( 

The  temperature  of  the  refervoirs,  as  well  as  that  of  the  at- 
mofphere,  at  the  beginning  of  the  experiment,  was  54°  F.  = 
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The  denfities  of 
thefe  equal 
quantities  of 
light  were  there¬ 
fore  as  1 6  to  I  } 


but  bath  the 
veffels  were 
heated  in  equal 
times. 


Experiment 
wherein  the  dia¬ 
meters  of  the 
ipots  were  as 
t0  27* 


The  denfities 
of  the  light  were 
as  32,  to  1. 


9°  i  R. 


uu 


The  refervoir  A,  after  having  been  expofed  to  the  a£tion  of 
very  intenfe  light  near  the  focus  of  the  lens  for  twenty-four 
minutes  forty  feconds,  was  railed  to  the  temperature  of  SO9  F. 

=  21°|R.  . 

The  refervoir  B,  which  was  much  farther  from  the  fo*  us  of 
its  lens,  was  railed  to  the  fame  temperature,  80y  F.  u  little 
more  quickly,  or  in  twenty-three  minutes  forty  feconds. 

To  raife  the  temperature  of  the  refervoir  A  to  100°  F. 

30°  |  R.  it  was  necefiary  to  continue  the  experiment  for  one 

hour  fifteen  minutes  ten  feconds,  reckoning  from  the  com- 

» 

mencement  of  it;  but  the  refervoir  B  reached  the  fame  tem¬ 
perature  in  one  hour  twelve  minutes  ten  teconds. 

The  progrefs  of  this  experiment  from  the  beginning  to  the 
end  is  exhibited  in  the  following  table : 


The  denfeft 
light  afforded 
rather  lefs  heat. 


4 


Increafes 
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The  genera]  re¬ 
sults  tabulated. 


_ 


Increafes  of  Tem¬ 
perature. 

Time  taken 

1  By  A. 

By  B.  • 

From  54°  to  80°  F. 

24'  40" 

2.3'  40" 

80  85 

7  45 

7  30 

85  90 

9  55 

9  0 

90  95 

13  30 

13  0 

95  100 

19  20 

19  0 

54  100 

75  10 

72  10 

Time  of  the  ex-  This  experiment  was  begun  at  7  minutes  SO  feconds  alter 
penmen..  1 1 f  and  finifhed  at  22  minutes  40  feconds  after  12,  the  Iky 
being  perfe&Iy  clear  during  the  time. 

Hence  light  does  On  comparing  all  the  refults  of  this  experiment,  we  fee, 
heat  abfolutely  that  the  refervoir  A,  which  was  placed  very  near  the  focus,  was 
hy  being  con-  more  /lowly  heated  than  the  refervoir  B,  which  was  at  a  conti - 
derable  diftance  from  it*.  The  differences  of  time  however 
taken  to  heat  them  an  equal  number  of  degrees  were  very 
trifling,  and  I  think  may  be  eaflly  explained,  without  fuppo- 
(ing  the  condenfation  of  light  to  increafe  [qu.  diminifli?)  its 
faculty  of  exciting  heat. 

In  both  the  preceding  experiments  the  folar  rays  ffriking  on 
the  refervoirs  of  heat  were  convergent,  and  they  were  even 
equally  fo  on  both  Tides.  To  determine  w  hether  parallel  rays 
have  the  fame  power  of  exciting  heat  as  convergent  rays,  I 
made  the  following  experiment. 


The  rays  were 
convergent  in 
the  preceding 
experiments. 


Experiment  III. 

When  one  veflel  Having  removed  the  lens  from  before  the  refervoir  B,  I  fuf- 

th?S paraHd^rays  ^erec^  direft  rays  of  the  fun  to  fall  on  the  blackened  face  of 
of  the  fun  with-  the  refervoir,  through  the  circular  hole  three  inches  and  half 
cut  interception,  jn  diameter  in  the  round  brafs  plate,  tvbich  had  been  conffantly 
placed  before  that  lens  in  the  preceding  experiments. 

The  refervoir  A  was  placed  behind  its  lens  as  in  the  former 
experiments,  and  at  the  place  where  the  folar  fpe£lrum  had  tix 
lines  diameter. 

**  .  i  t  ,  1  i  '<  .  ■  •  1  4  . 

•  *  *  .t  yj  j  .  |  * 

r  Did  not  the  elevated  temperature  of  the  fmaller  furface  fuftain 
Its  power  of  abforbing  heat,  conformably  to  the  known  laws  of  heated 
bodies  ? — N. 


\ 


Having 
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Having  expofed  this  apparatus  to  the  fun,  I  found,  that  the  it  was  heated 
refervoir  B,  on  which  the  dired  rays  fell,  was  heated  fenlibly  the' other 

quicker  than  the  refervoir  A,  which  was  expofed  to  the  action  by  afpe&rum  of 
of  the  concentrated  rays  near  the  focus  ot  the  lens.  fevtmth^art*6* 

The  temperature  of  the  apparatus  and  of  the  atmofphere  attain, 
the  beginning  of  the  experiment  being  5 3°*  F.  =  9P  R.  the 
refervoir  A  required  twenty-three  minutes  thirty  feconds  to 
raife  it  to  the  temperature  of  80p  F.  =  21°  |-  R;  but  the 
refervoir  B,  which  was  expofed  to  the  dired  rays  of  the  fun, 
acquired  the  fame  temperature  in  eighteen  minutes  thirty 
feconds. 

To  reach  the  temperature  of  100°  F.  ~  30°  •§•  R.  took  the 
refervoir  A  one  hourand  three  minutes,  but  the  refervoir  B  forty- 
lieven  minutes  fifteen  feconds  only. 

The  following  table  will  dhow  the  progrefs  of  this  experi¬ 
ment  from  the  beginning  to  the  end. 


Time  taken 

Increales  ot  Ttm- 

perature. 

f~  By  A. 

By  B. 

From  53° 

to  65°  F. 

8' 

26" 

V 

0" 

t 

65 

70 

4 

10 

3 

15 

70 

75 

5 

10 

3 

45 

75 

80 

5 

40 

4 

30 

80 

85 

7 

0 

4 

45 

85 

90 

7 

30 

5 

45 

90 

95 

10 

30 

8 

0 

95 

100 

13 

10 

10 

15 

100 

105 

i 

20 

0 

14 

45 

. 

53 

105 

81 

36 

62 

30 

General  refults.. 


As  a  confiderable  part  of  the  light  that  fell  on  the  lens  before 
the  refervoir  A,  was  loft  in  palling  through  it,  it  is  evident, 
that  the  „d.ntity  received  by  this  refervoir  was  lefs  than  that 
received  by  the  refervoir  B,  which  was  expofed  to  the  dired 
rays  of  the  fun  ;  and  we  have  feen,  that  the  latter  was  heated 

more  rapidly  than  the  former. 

As  we  know  not  exadiy  how  much  light  was  loft  in  palling 
through  the  lens,  we  cannot  determine  from  the  refults  ot  this 
experiment,  whether  convergent  rays  be  more  or  lefs  efficacious 

in  exciting  heat  than  parallel  rays ;  but  the  difference  in  the 

times 


This  difference 
aferibed  to  light 
being  loft  in 
pafting  through 
the  lens. 


This  experiment 
is  not  decifive ; 
but 
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times  of  heating  was  not  greater,  as  it  appears  to  me,  than 
we  might  have  expe£fed  to  find  it,  fuppofing  it  to  be  occafioned 
folely  by  the  difference  between  the  quantities  of  light  acting 
on  the  refervoirs. 

The  refult  of  the  following  experiment  will  eftablitli  this 
point  beyond  doubt. 


Exp.  4  was 
made  with  equal 
apertures  and 
fpeftra ;  but  the 
one  being  within 
the  locus  was 
formed  by  con¬ 
vergent  rays, 
and  the  other 
without  by  di¬ 
vergent  rays. 


No  fenfible  dif¬ 
ference  oc¬ 
curred. 


Experiment  IV. 

Having  replaced  the  lens  belonging  to  the  refervoir  B,  I 
adjufted  tins  refervoir  to  luch  a  diftance  between  the  lens  and 
its  focus,  that  the  folar  fpeclrum  w'as  one  inch  in  diameter;  and 
I  placed  the  refervoir  A  at  the  fame  diftance  beyonds  its 
focus. 

As  the  quantities  of  light  dire<5ted  toward  both  were  equal ; 
and  the  diameters  of  the  fpectra,  confequently  the  denfities 
of  the  light  that  formed  them,  were  alfo  equal ;  there  could 
be  no  difference  between  the  refults  of  the  experiments  with 
the  two  refervoirs,  except  what  was  occafioned  by  the  differ¬ 
ence  in  the  direction  of  the  rays  that  formed  the  .fpectra.  On 
one  hand  thefe  rays  were  convergent,  and  on  the  other  divergent ; 
and  I  had  inferred,  that  if  parallel  rays  were  in  reality  lefs 
efficacious  in  exciting  heat  than  convergent  rays,  as  fome  phi- 
lofophers  have  fuppofed,  divergent  rays  muft  be  ftill  lefs  effi¬ 
cacious  than  parallel  rays,  and  conlequently'  much  lefs  than 
convergent  rays. 

Having  made  the  experiment  with  all  poftible  care,  I  found 
no  fenfible  difference  between  the  quantities  of  heat  excited 
in  a  given  time  by  divergent  and  convergent  rays. 

The  following  are  the  particulars  of  the  progrefs  and  refults 
of  this  experiment : 


General  refults 
of  this  laft  ex¬ 
periment. 


T 


iji. 


Incrcafes  of  Heat. 

,  r  , 

Time  taken 

T  By  A, 

with  divergent  Rays. 

By  B,  ^ 

with  convergent  Rays. 

Fiom  60° 

to  65 °  F. 

4'  50" 

4'  50" 

6\5 

70 

4  55 

5  0 

70 

75 

5  27 

5  25 

75 

80 

6  13 

6  15 

.  60 

80 

21  25 

21  30 

a  j  ,  i  *  i *  ■ 
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From  the  refults  of  all  the  experiments,  of  which  I  have  Conclnfion. 

"Ijitft  given  an  account  to  the  clafs,  we  may  conclude,  that  the 
quantity  of  heat  excited  or  communicated  by  the  folar  rays  is  as  the  light  ab- 
always,  and  under  all  circumftances,  as  the  quantity  of  light e  * 
that  difappears. 


■r  ) 


m. 

Obfervations  on  blajling  Rocks ;  with  an  Account  of  an  Improve¬ 
ment,  zv  hereby  the  Danger  of  accidental  Explofion  is  in  a  great 
-x.  Meajure  obviated.  By  Mr.  William  Close.  From  the 
Author. 

To  Mr.  NICHOLSON. 

SIR,  Dalton ,  06t.  14,  1805. 

The  method  of  confining  the  force  of  gunpowder  by  a  co-  Pra&ice of  blaft- 
lumn  of  fand  in  blading  rocks,  has  been  (everal  years  ufed  in  ^aUQ  m 

this  part  of  Furnefs  :  At  one  lime  it  was  a  very  favourite  prac¬ 
tice;  but  at  prefent,  from  the  prejudices  or  indifference  of 
workmen,  or  on  account  of  the  little  danger  attendant  on 
working  lime-done  in  the  common  manner,  it  is  lefs  in 

o 

repute. 

About  two  years  ago,  fuppodng  this  method  not  to  be  ge- noticed  by  the 
nerally  known,  I  drew  up  a  fhort  account  of  it,  and  lliould  el^e' 
have  fent  it  to  the  Philofophical  Journal,  had  it  not  been  con¬ 
nected  with  other  mifcellaneous  matter,  which  I  had  given  to 
Mr.  G.  Afhburner,  the  printer  and  proprietor  of  a  new  edi¬ 
tion  of  Wed's  Antiquities  of  Furnefs,  in  which  work  the  pro- 
cefs  is  delcribed  and  recommended  *. 

Though 

*  The  paffage  alluded  to  is  as  follows,  p.  393.  “In  breaking 
up  the  loofe  rocks  upon  Baycliff  Haggs,  after  the  enciofure  of  that 
common,  a  method  of  employing  lea-land,  for  the  purpole  of  con¬ 
fining  the  force  of  gunpowder  in  blading,  was  ufed,  which  does 
not  appear  to  be  generally  known,  though  it  was  undoubtedly  in 
ufe  in  other  parts  before  it  was  adopted  in  Furnefs.  The  method 
is  briefly  this  :  After  the  excavation  is  made  in  the  ul’ual  manner 
with  a  borer,  the  charge  of  powder  is  poured  in;  and  a  priming- 
draw  of  a  proper  length,  filled  with  powder,  is  placed  in  the  hole, 
having  one  of  its  fides  near  the  lower  end  fo  cut  or  thinned,  that 

the 


17^ 

Improvement  by 
Mr.  Fi/her  an¬ 
nounced. 


CaufeS  of  acci¬ 
dental  explofion. 
The  principal  is 
from  the  friftion 
of  the  iron 
pricker  in 
drawing. 


— ^  t1* 


IMPROVEMENT  IN  THE 

Though  this  method  is  undoubtedly  worthy  of  much  altcn- 
tion,  and  may  often  be  employed  with  advantage  ;  yet,  when 
a  firong  charge  is  required,  the  common  mode  of  fie  m  m  i  ng 
inutl  be  frequently  adopted  :  And  as  the  danger  in  blafiing 
tome  kinds  of  rocks  in  this  manner  is  very  confiderable,  I  am 
happy  to  notice  an  eafy  method  of  obviating  one  principal 
caufe  of  accidental  explofion,  which  was  communicated  to 
me  in  converfation,  a  few  days  ago,  by  Mr.  Thomas  Fifher, 
a  refpe&able  (late  merchant  in  this  town,  who  allures  me  it 
is  infallible. 

The  principal  danger  attendant  on  blafiing,  does  not  con*, 
fift  in  Hemming  upon  the  charge  of  powder,  but  in  the  fubfe- 
quent  operation  of  drawing  the  iron  rod,  called  the  pricker, 
which  makes  the  channel  for  the  priming-hraw.  For  although 
the  colli  (ion  of  tne  firh  fragments  of  hemming  fometimes  pro¬ 
duces  an  explofion,  yet  this  may  be  prevented  by  previoufly 
ramming  a  thick  cap  of  paper,  &c.  upon  the  powder;  by 
beating  lightly  upon  the  firh  pieces  of  hone  that  are  thrown 
into  the  hole;  or  by  ufing  thoie  materials  for  hemming  which 
are  leah  liable  to  give  fire,  fuch  as  rotten  hone,  pieces  of 
broken  pots,  or  burnt  clay.  The  pricker  being  hard  prelfed 
again h  the  rock,  and  in  clofe  conta6i  with  the  hemming,  can¬ 
not  be  drawn  out  by  hand,  but  muh  be  hruck  out  by  the 
hammer,  a  hrong  piece  of  iron  called  a  jumper  being  hrh 
placed  in  an  eye  or  loop  in  the  higheh  part  of  the  rod,  to  re¬ 
ceive  the  blows  which  are  given  in  a  proper  diretf  ion  (o  bring 
it  out  of  its  place.  Now  it  frequently  happens,  that  the  fric¬ 
tion  of  the  lovveh  part  of  the  pricker  againh  the  rock  fires  the 
powder  at  the  firh  or  fecond  blow.  When  the  explofion 
happens  at  the  commencement  of  hemming,  (he  workman 
generally  fuhains  only  a  partial  injury  ;  but  when  in  this  part 
of  the  operation,  when  the  powder  exerts  its  whole  force,  and 

the  charge  may  partially  communicate  with  the  fmaJl  afeending  co- 
4umn  contained  in  the  draw.  After  tins,  the  remainder  of  the  ex¬ 
cavation  is  filled,  by  pouring  in  dry  fea-fand ;  and  the  explofion  is 
given,  by  firing  the  priming-hraw  in  any  of  the  various  ways  which 
are  in  common  ufe. 

“  This  method  has  been  found  to  be  equally  effe&ual  as  hem¬ 
ming  with  any  of  the  common  materials ;  and  where  it  can  he  ufed 
is  certainly  preferable  :  it  is  fafer,  fimpltr,  and  more  expeditious.’1 


difperfea 
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diTperfes  pieces  of  the  (battered  rock  in  various  directions,  his 
life  is  in  the  utraoft  danger,  and  his  fituation  is  truly  terrible 
to  contemplate. 

Mr.  Fifher's  improvement  is  to  obviate  this  danger;  and  Mr.  F.’s expe- 
confids  in  the  ufe  of  a  copper  rod,  or  pricker,  for  making  ^je  oVcopper? 
the  hole  that  receives  the  priming-draw,  inftead  of  one  ofwhichisnot 
iron,  which  before  was  every  where  employed  in  this  part  of  firc  1 

the  kingdom. 

In  our  converfation  Mr.  F.  obferved,  that  fome  years  ago, 
three  explofions  happened  on  drawing  the  pricker,  in  the 
courfe  of  a  fortnight,  at  his  quarry  in  Kirkby  Ireleth,  and  that 
one  man  being  killed  and  two  wounded,  feveral  of  the  work¬ 
men  were  fo  intimidated,  that  they  refolved  to  abandon  a 
place  which  they  confidered  as  dedined  to  daily  misfor¬ 
tunes.  It  therefore  became  highly  requisite,  on  feveral  ac* 
counts,  to  attempt  fome  innovation  for  the  lecurity  and  en¬ 
couragement  of  the  workmen. 

In  meditating  on  the  caufe  of  thefe  accidents,  it  appeared 
mod  rational  to  attribute  them  to  the  iron  pricker  giving  fire 
by  its  fridtion  againft  the  rock,  which  was  a  hard  blue  rag,  or 
whindone  :  and  from  this  view  ot  the  caufe  it  was  inferred, 

* 

that  fafety  would  accrue  from  the  ule  ot  prickers  confirudled 
of  thofe  metals  which  are  lead  difpofed  to  give  fire  with  done, 

Mr.  Fidier,  therefore,  determined  to  make  trial  of  copper, 

and  having  procured  fome  implements  of  this  kind,  found 

them  to  anfwer  the  purpofe  completely.  It  is  now  upwards  Ample  experl- 

of  three  years  fince  this  improvement  was  adopted,  and  as  no 

explofion  has  happened  at  the  end  of  demming  in  that  period, 

at  an  extenfive  work  where  accidents  wrere  frequent  before, 

Mr.  F.  confiders  the  means  as  almod  infallible  ;  and  is  happy 
to  think  that  many  fad  misfortunes  have  been  thereby  pre¬ 
vented. 

There  are  eleven  date  quarries  in  Kirkby  Ireleth,  at  feveral 
of  which  copper  rods  are  now  uied  ;  but  at  others  they  are 
not.  At  one  of  thefe  a  fatal  accident  happened  a  few  months 
ago,  from  an  explofion  upon  drawing  a  rod  of  iron. 

Prickers,  fuch  as  ufed  by  Mr.  Fidier,  are  eafily  condru&ed  : 

A  piece  of  copper  being  forged  to  the  proper  length,  Oiape, 
and  thicknefs  for  the  body  of  the  tool,  is  rivelted  to  an  iron 
head  or  loop  fimilar  to  that  of  the  common  pricker.  Thefe 
implements,  when  carefully  ufed,  are  nearly  as  durable  as 
thofe  of  iron. 
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PORTABLE  STEAM-ENGINE; 


.Advantage  of 
ftrong  charges 
Arm  rock. 


Defcrlption  of 
Aeam-engine* 


.  Sand  lias  not  hitherto  been  ufed  in  blafting  at  the  Hate  quar¬ 
ries  in  Kirkby  Ireleth,  The  matters  do  not  think  it  would 
fuccecd  well  in  their  work.  I  have  frequently  feen  Mr.  Filber 
ule  it  in  hmeftone  rock  near  this  town  :  He  fays  it  anlwers  the 
btfl  in  deep  holes,  but  thinks  that  fand  is  more  liable  to  be 
blown  out  than  (lemming.  lie  alfo  confiders  it  as  the  motl 
advantageous  method  ot  working,  in  driving  levels,  and  bJaft- 
ing  in  him  rock,  to  ule  ftrong  charges  of  powder,  that  the 
ftone  may  be  (utficiently  broken  by  the  explofion  to  be  re¬ 
moved  without  much  affiftance  from  the  hammer,  the  pick, 
or  the  lever  :  for  thus  the  expedition  of  the  work  amply  com- 
penfates  for  the  fmall  addition  which  is  requifite  to  a  common 
charge  of  powder. 

I  am,  Sir, 

Your's  re fpe61  fully, 

WILLIAM  CLOSE. 


i 


IV. 


Defer  ip  t  ion  of  a  portable  Steam-engine,  invented  by  Mr.  Samuel 
Clegg  ,  David  Street,  Manchefter .  Communicated  by- 
Mr.  Da  lton.  Lecturer  at  the  Royal  Injlitution,  fyc, 

T 

A  HIS  engine  is  worked  by  four  copper  valves  in  the  ufual 
manner,  but  the  mechanifm  for  lifting  them  is  very  different 
from  any  hitherto  made:  there  are  no  levers  employed  for 
opening  the  valves,  and  there  is  no  hand  gear.  The  ffeam 
and  exhauffion  valves  are  on  the  fame  horizontal  plane  ;  thofe 
which  are  vertical  to  each  other  are  not  like  thofe  hitherto 
n fed,  both  expofed  to  the  ffeam  or  both  to  a  vacuum  ;  but  by 
a  fimple  contrivance  in  the  conffruaion  of  the  nozzles,  the 
one  is  expofed  to  the  ffeam  while  the  other  has  a  communica¬ 
tion  with  the  condenffng  vefiel.  From  what  has  been  faid  it 
may  eaiily  be  perceived,  if  the  two  valves  be  conneaed  to¬ 
gether  by  a  ffraight  rod,  that  when  this  rod  is  lifted,  the  pref- 
fure  is  given  to  the  pifton,  and  the  machine  is  put  into  mo¬ 
tion;  and  it  the  other  two  valves  be  conneaed  in  the  fame 

*  L3te  apprentice  to  Me  firs.  Boulton  and  Watts,  of  Birming¬ 
ham. 

'  .•  .  I  .  .  *  ,  ;(!'.* 

manner 
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manner  and  lifted  at  an  appointed  time,  the  engine  is  kept  In  Defcnption  ot 

r  ,  r  i  i  r  fteam-eneine. 

motion.  The  outfide  appearance  of  thefe  nozzles  may  be  leen 

at  Fig.  1,  c  c,  (Plate  IX.)  The  rods  which  come  out  of  the 

bottom  of  the  nozzles  are  kept  tight  by  vertical  ftuffing-boxes, 

the  whole  of  which  is  hid  in  the  drawing  by  the  frame. 

The  next  is  a  new  contrivance  for  producing  a  rotative  mo¬ 
tion  from  a  reciprocating  one,  which  not  only  Amplifies  the 
machine  very  much,  but  exceeds  the  power  of  the  common 
crank  by  nearly  one-third,  in  confequence  of  its  acting  always 
perpendicular  to  the  radius  of  the  wheel,  which  is  done  by  a 
rack  and  wheel,  as  reprefented  by  Fig.  2  and  3  ;  and  as  this 
plan  of  connexion  diflributes  the  power  uniformly,  of  courfe 
a  much  lighter  fly-wheel  is  required,  which  diminiflies 
friction,  &c. 

Explanation  of  the  Plate . 

Fig.  1.  is  a  reprefentation  of  the  engine:  one  of  the  cor¬ 
ner  columns  A  A,  which  fupports  the  frame,  ferves  likewife 
for  an  edudtion-pipe  and  condenfing-veflel :  the  air-pump  E 
is  joined  to  the  condenfmg  veflel  by  the  pipe  D  ;  e  is  the  pif- 
ton-rod,  and  though  it  works  out  at  the  bottom  of  the  cylinder, 
it  is  as  eafily  kept  tight  as  if  it  worked  out  at  the  top;  b  is  a 
fimilar  rod  which  keeps  the  rack  perpendicular;  a  a  are  the 
two  radius  bars  on  which  the  brafles  are  fixed  that  fupport  the 
(haft ;  by  this  contrivance  the  wheel  C  eafily  moves  from  one 
fide  to  the  other  of  the  rack  F. 

Fig.  2.  is  a  view  of  the  rack  on  a  larger  fcale,  where  C  re- 
prefents  the  wheel  and  D  the  fhaft ;  EE,  a  fliding-bar,  on 
which  is  fixed  the  fmall  roller  o,  ferving  as  a  connecting  link 
to  keep  the  wheel  C  always  in  gear  ;  for,  when  the  wheel  is 
in  gear  on  the  oppofite  fide  of  the  rack,  the  roller  o  is  on  the 
other  fide  of  the  plate  a  a  ;  but  it  w  ill  perhaps  be  more  clearly 
underflood  by  the  plan,  Fig.  3.  w’here  the  letters  reprefent 
the  fame  movement  as  in  the  elevation.  Fig.  2:  This  defcrip- 
tion  may  be  eafily  underflood  by  thole  who  already  poflefs  a 
little  knowledge  of  a  fleam-engine. 

'  *  r 

Manchejler ,  OC2.  5,  1805. 

*  ♦  /•>  ~  f  ;  -  f 
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I  7<j?  FRAMED  TRUSS. 


Letter  from  Mr.  J.  C.  Hornblower,  defer ibing  the  framed 
Work  by  ivhic/i  the  Roof  of  Clap  ham  Church  was  raifed  to  its 
original  Situation ,  without  dijlurbing  the  Interior  of  the  Build¬ 
ing,  #c. 

To  Mr.  NICHOLSON. 

Dear  Sir, 

wSTthe^ro^  ^  ^  be  a  pleafure  to  you  I  know  to  record  the  productions 
of  Clapham  °f  genius  or  fancy  in  your  valuable  Work,  and  therefore  I 
IT  ^iave  no  hefitation  in  prefenling  the  inclofed  for  that  purpofe. 

It  is  the  invention  of  Mr.  Watkin  Bloore,  one  of  the  part¬ 
ners  of  Fothergal  and  Co.  carpenters  at  Clapham,  and  was 
invented  to  raife  the  funk  roof  of  Clapham  church  j  and  its 
application  to  the  purpofe  intended,  exhibits  at  once  the  means 
and  the  end  that  was  to  be  accompli flied  ;  as  by  it  the  root' 
was  raifed  and  fecured  in  the  fame  procefs,  without  incom¬ 
moding  the  building  with  flioors  and  fcaffolds,  which  mud 
have  occafioned  contiderable  damage  to  the  furniture  of  the 
church. 

The  (haded  part  of  the  drawing,  Plate  X.  fiiews  the  trufs,  and 
the  lines  behind  it  the  conftru&ion  of  the  roof.  The  middle  piece 
in  the  trufs  marked  A,  is  joggled  into  the  king-pod  of  the  roof, 
and  the  two  ferews  put  into  action  raife  it  up,  and  with  it 
the  whole  of  the  middle  or  funk  part  of  the  roof,  all  which  is 
eafily  comprehended  by  the  drawing. 

The  drawing,  l'ig.  3,  (hews  an  improved  mode  of  con- 
ftrueding  thetruts,  by  the  riders  A  A  A  A  being  framed  over  th% 
principals  B  B,  by  which  the  raifing  ferews  are  more  firmly 
fupported  in  elevating  the  queen-pods  C  C  in  the  roof. 

I  his  tnii!}  be  a  valuable  experiment  in  the  art  of  carpentry, 
which,  confidering  how  little  fcience  of  it  falls  to  the  lot  oi’ 
its  pofletfors,  cannot  be  too  much  regarded. 

I  am,  Dear  Sir, 

Your  very  obedient  fervant, 

J.  C.  HORNBLOWER. 
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VI. 


Experiments  on  draining  Ixmd,  by  J  ohn  Christian  Curwen, 

Efq.  M.  P.  of  Workington' Hall,  in  Cumberland,  with  an 

Engraving  *. 

Dear  Sir, 

Much  having  been  (aid,  in  the  public  Papers,  relative  Mr.  Elkington’s 
to  draining,  on  the  improved  method  ot  Mr.  Elkington,  I  keg  applicable" 
leave  to  offer  you  fome  obfervations  refpedting  it,  which  have  only  where  the 
fallen  under  my  notice,  and  which  tend  to  prove  it  can  be  ap-  interrupted  ^ 
plied,  with-fuccefs  only,  in  fuch  parts  of  the  kingdom,  as  have 
few,  if  any,  interruption  of  the  firata.  In  order  to  make  my- 
felf  intelligible,  it  may  not  be  improper  to  explain  what  is  meant 
by  interruptions  of  the  firata,  or  dykes  and  fiffures,  as  they  Dykes  and  fif- 
are  denominated  in  raining  countries.  They  are  produced  fuiei>* 
by  the  fracture  or  difunion  of  the  firata,  and  confifl  moft  com¬ 
monly  of  the  broken  fragments  of  each  fuperior  firata;  and 
towards  the  furface  are  of  fand,  gravel,  and  flones,  which 
feidom  or  never  fail  of  affording  confiderable  quantities  of 
water.  Thefe  dykes  may  be  approached  within  a  few  feet,  Thefe  interrup- 
and  afford  no  water,  as  will  be  feen  in  two  infiances  in  the  * 

plan  fent  you.  No.  3  is  a  main  drain,  four  feet  deep,  which  ihe  water, 
paffed  within  a  few  yards  of  A,  an  extreme  wet  place,  and 
did  not  affe6i  it.  The  perfon  employed,  fuppofed  the  water 
to  be  below  him,  and  brought  in  a  lower  level  No.  I,  which 
Jikewife  failed.  No.  2  was  then  made  flill  lower,  but  with 
no  better  fuccefs  than  No.  3,  though  with  more  advantage  of 
level.  As  foon  as  it  croffed  the  dyke,  I  C,  but  before  the 
level  was  brought  up,  not  being  deeper  than  the  main  drain, 
it  got  a  confiderable  feeder.  This  proved  that  an  interrup¬ 
tion  in  the  firata  prevented  the  water  flowing  into  a  drain, 
which  was  of  a  depth  otherwife  to  have  drawn  it.  Another 
example  occurs  in  the  fame  field,  at  letter  B;  which  is  a 
funk  fence,  four  feet  below  the  furface  of  the  adjoining  field, 
which  was  extremely  wet  within  a  few  yards  of  the  funk 

*  From  the  twenty-fecond  volume  of  the  Tranfa&ions  of  the 
Society  of  Arts  ;  who  awarded  the  gold  medal  to  the  author. 

The  plan  he  refers  to  is  at  their  houfe. 

Vol.  XII. — November,  1805. 
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Experiments  of  fence.  A  lower  level  was  fuppofed  necenTary  to  drain  this 
drainage  *  *  • 

water,  and  it  was  obtained  at  the  dotted  line.  No  water  ot 


any  confequence  was  got,  (ill  it  was  within  a  few  yards  of  the 
funk  fence,  when  a  prodigious  feeder  was  cut,  and  the  head  of 
the  drain  was  not  fo  deep  at  the  time  as  the  funk  fence.  Many 
inftances  to  the  fame  effect  might  be  produced.  In  finking 
thafts  in  places  much  troubled  with  water,  it  is  endeavoured, 
it  circumftances  will  permit,  to  get  near  a  dyke,  which  ferves 
The  drains  mult  as  a  barrier  to  the  water ;  and  if,  in  finking,  the  dyke  be  not 
tbedykes.  Crof;>  crofted,  the  water  is  kept  clear  off;  but  if  otherwise,  the  water 
would  be  got  at  any  depth,  though  not  in  fuch  quantities  as 
when  near  the  furface.  The  fpot  of  ground,  to  which  I  have 
alluded,  has  above  a  dozen  dykes,  which  may  be  traced  from 
the  oul-burfts  of  water.  They  run  in  a  direction  of  fouth  to 
north-weft.  I  have  made  my  drains  eaft  and  weft.  In  one 
or  two  places,  I  was  obliged  to  run  a  drain  fouth.  This  pro¬ 
ceeds  from  an  arm  running  from  the  dyke :  but  this  feldom 
extends  to  any  diftance,  and  they  gradually  decreafe  till  they 
end  ;  and  they  rather  make  an  interruption  than  a  breakag# 
of  the  ftrala,  as  the  ftrata  is  the  fame  on  each  fide  of  it.  In 
fuch  a  country,  Mr.  Elkinglon  could  draw  no  more  water  than 
what  lay  in  the  uninterrupted  ftrata  between  any  two  of  thefe 

Description  of  dykes.  The  method  of  making  the  drain  is  explained  by  the 
the  drains  by  re-  .  T  i  i  ,  .  ,  ,  .  ,  -  , 

ference  to  the  engraving,  1  had  twenty  years  ago  drained  this  ground  with 

drawing.  ftone  drains,  from  20  inches  to  two  feet;  but  their  dire£lion 

having  been  moftly  from  north  to  fouth,  and  not  fufficiently 

deep,  I  had  got  little  more  than  the  day  water.  The  feeder 

which  I  have  now  got,  might  be  made  applicable  to  many 

purpofes.  The  drains  are  from  two  feet  to  nearly  five  feet 

deep.  I  have  made  6000  yards  in  the  laft  twelve  months; 

the  cutting  from  l  td.  to  18d.  per  rod,  filling  8d.  ten  and  a 

half  fingle  cart-loads  of  ftones,  at  9d.  each,  making  the  coft 

10s.  per  rod.  The  expence  appears  great ;  but  fewer  drains 

are  required,  and  the  work  is  effefhially  done.  By  reference 

to  the  plan,  it  will  be  feen  that  the  direction  of  the  drains  not 

being  able  to  draw  the  upper  water,  I  was  obliged  to  extend 

them.  I  would  advife  beginning  at  the  higheft  level;  for 

frequently  that  clears  the  whole,  unlels  fome  dykes  intervene 

Springs  of  water  in  a  contrary  direction.  I  believe  that  all  fprings  and  out- 

!iykcs.d  fr°m  burfts  Water  Proceed  fr°m  dykes.  The  extent  of  thefe  is 
various.  Some  may  be  traced  for  many  miles,  and  their  effefls 

feen 
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feen  from  the  water  that  appears  on  the  furface.  Their  origin 
is  fcarcely  perceptible,  and  they  thicken  to  many  yards  as 
they  are  approached.  The  drata  on  both  Tides  have  a  more 
rapid  rife  or  dip,  and  are  of  a  clofer  and  harder  texture.  If 
thefe  obfervations  appear  to  you  worthy  of  attention,  you  may 
make  what  ufe  you  think  proper  of  them.  I  by  no  means  with 
to  detraft  from  Mr.  Elkington’s  merit ;  but  it  is  not  generally 
applicable;  and  in  counties  where  the  drata  are  much  broken* 
Mr.  Elkington’s  plan  will  be  found  to  fail# 

I  am,  Dear  Sir, 

Your  obedient  fervant, 

J.  C.  CURWEN# 

Feb.  3,  180k 
Mr,  Charles  Taylor. 

_  .  I 

P.  S.  The  higheTt  drain  is  120  feet  above  the  level  of 
No.  3. 


A  certificate  from  Mr.  William  Hoodlefs,  farming  agent, 
accompanied  this  letter,  dating  that  upwards  of  fix  thoufand 
yards  of  drains  had  been  cut,  and  completely  filled,  on  the 
farm  of  John  Chriftian  Curwen,  Efq.;  that  the  fird  drains 
made  according  to  that  plan  were  done  three  years  ago;  and 
that  they  dand  completely,  and  anfwer  an  admirable  purpofe. 

Reference  to  Fig.  5,  Plate  XI,  of  the  Manner  in  which  Mr # 

Curwen’s  Drains  are  made. 

The  lowed  part  of  the  drain  below  E  E  is  twelve  inches 
wide. 

EE  44  are  the  two  fide-dones  of  the  drain,  nearly  four 
Inches  thick  and  nine  inches  high. 

F  9  is  the  aperture  for  the  water,  nine  inches  high. 

D,  the  flag  or  thin  done  over  the  aperture,  and  which  covers 
the  fide-dones  of  the  drain. 

C  C,  the  body  of  the  drain,  fiiled  with  loofe  flones  till 
within  nine  inches  of  the  furface. 

B  9,  the  top  of  the  drain,  twenty-two  inches  wide  and 
nine  inches  deep,  filled  with  grafs  fod  and  foil. 
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MAXIMUM  DENSITY  OF  WATER. 


Reference  to 
Mr.  Dalton’s 
letter. 


Experiments  of 

Ur.  Hope, 


VII. 

Remarks  on  a  Letter  of  Mr.  Dalton,  concerning  the  Maximum 
Denfity  of  Water  ;  with  an  Account  of  two  Experiments  of  Dr. 
Hope,  tending  to  Jhew  that  it  takes  place  at  a  Temperature 
above  the  freezing  Point.  In  a  Letter  from  T.  I.  B. 

To  Mr.  NICHOLSON. 

SIR, 

In  No.  4 5  of  your  Journal,  page  28,  Mr.  Dalton  has  pub- 
I i fliecl  fome  remarks  upon  Count  Rumford’s  experiments,  re¬ 
lating  to  the  maximum  denfity  of  water,  where  he  explains 
the  riling  of  the  thermometer  in  the  cup,  by  obferving  that 
it  acquired  heat  by  the  proper  conducing  power  of  water. 
1  his,  I  Ihould  think,  is  by  no  means  probable ;  for  the  con¬ 
ducing  power  of  water  is  not  fufheient  to  produce  fuch  a  rapid 
effetf.  . 

The  circumftances  of  the  two  thermometers  by  the  fide  o 
tiie  ball  and  cup,  in  the  Count’s  twro  firll  experiments,  I 
think  are  perfectly  confident  with  his  principle:  the  cup, 
\ ery  probably,  did  overflow,  which  might  have  been  afeer- 
tained  by  a  thermometer  placed  below. 

In  the  conclufion  of  this  letter  Mr.  Dalton  exprefles  a  with 
that  Count  R.  or  tome  one  in  poffeflion  ot  a  fimilar  apparatus, 
w  ould  repeat  the  Count’s  fir  ft  experiment,  with  this  difference, 
that  the  mals  ot  water  fliould  be  at  40°  and  the  ball  at  32t>, 
in  which  cafe,  he  fays,  the  thermometer  would  not  be  at  all 
affeCted  on  the  Count’s  principle  j  neither  would  it  be  affected 
(on  Mr.  D.’s  principle)  it  the  tenacity  of  the  w'ater  counter¬ 
acts  the  force  ot  defeent :  and  what  conclufion  could  be  drawn 
from  fuch  a  variation  of  the  experiment  ? 

The  following  experiment  was  made  by  Dr.  Hope,  pro- 
tetfor  ot  chemiffry  in  Edinburgh,  to  afeertain  the  point  at 
which  w’ater  has  the  greateff  denfity, — and  it  appears  to  me 
to  be  perfectly  decifive. 

He  filled  a  jar  with  ice-cold  water,  and  expofed  it  to  the 
air  ot  a  room  at  52°  :  he  tulpended  in  it  tw’o  very  delicate 
thermometers,  one  at  halt  an  inch  from  the  bottom,  and  the 
othei  at  the  lame  diffance  from  the  furface  ol  the  water :  the 
thermometer  neareft  the  bottom  w’as  firft  affected,  and  con, 

$  tinued 
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tinued  to  rife  till  it  reached  the  temperature  of  40°,  when  U 
became  dationary  :  the  thermometer  at  the  furface  rofe  more 
(lowly,  but  did  not  flop  till  it  acquired  the  temperature  of  the 
room  (52°). 

Dr.  Hope,  to  render  this  point  dill  clearer,  expofed  water 
at  52°  to  the  air  of  a  room  32°  ;  the  refult  correfponded  per¬ 
fectly  with  the  former  experiment. 

It  you  fee  no  objection  to  the  publication  of  this  letter,  by 
inferting  it  in  your  Journal,  you  will  oblige  *, 

Sir,  your’s, 

T.  I.  B. 

Edinburgh,  Oct.  10,  1805. 


VIII. 


Observations  and  Conjectures  relative  to  the  fuppofed  Welch 
Indians  in  the  weftern  Parts  of  North  America.  Republijhed 
from  the  “  Kentucky  Palladium,”  with  additional  Remarks 
and  Conjectures,  by  the  Editor  of  the  Philadelphia  Medical 
and  Phyfical  Journal  f. 


SIR, 

No  circum  dance  relating  to  the  hi  dory  of  the  Wedern  Traditional  ae- 

Country,  probably  has  excited,  at  different  limes,  more  ge-  tants  of  America 
neral  attention  and  anxious  curiodfy  than  the  opinion,  that  fuppofed  to  have 
a  nation  of  white  men,  fpeaking  the  Welch  language,  refide  ^natec*  ^rorn 

high  up  on  the  Miffouri.  By  tome  the  idea  is  treated  as  no¬ 
thing  but  the  luggedion  of  bold  impodure  and  eafy  credulity  ; 
whild  others  regard  it  as  a  faCt  fully  authenticated  by  Indian 
tedimony  and  the  report  of  various  travellers  worthy  of  credit. 

The  faCt  is  accounted  for,  they  fay,  by  recurring  to  a  pafTage 
in  the  hidory  ot  Great  Britain,  which  relates,  that  feveral 


years  after  the  dilcovery  of  America  by  Chridopher  Columbus* 
a  certain  Welch  prince  embarked  from  his  native  country 
with  a  large  party  of  emigrants;  that  after  fume  time,  a  veffel 


*  A  fuller  account  of  the  late  experiments  of  Dr.  Hope  will  be 
inlerted  when  the  Edinburgh  TranfaCtions  appear, 
t  Extracted  from  that  Work,  Vol.  II.  Part  I. 
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Traditional  ac-  or  two  came  back  with  the  account  that  they  had  difcovered 

tantsof  America  a  country  ^ar  the  weftward,  and  that  they  fet  fai!  again  with 
fuppofed  to  havea  frefh  reinforcement,  and  never  returned  again  any  more. 

country  which  thefe  adventurers  difcovered,  it  has 
been  fuppofed,  was  the  continent  of  North  America;  and  it 
has  been  conje&ured  that  they  landed  on  the  continent,  fome- 
where  in  the  Gulf  of  Mexico,  and  from  thence  proceeded 
northward,  till  they  got  out  of  the  reach  of  the  hoftile  natives, 
and  feated  themfelves  in  the  upper  country  of  Mitfouri. 

Many  accounts  accordingly  have  been  publifhed,  within  the 
laft  thirty  years,  of  perfons  who,  in  confequencc  either  by 
accident  or  the  ardour  of  curiofity,  have  made  themfelves  ac¬ 
quainted  with  a  nation  of  men  on  the  Mitfouri,  poflefting  the 
complexion  of  Europeans  and  the  language  of  Welchmen. 

Could  the  fa<5t  be  well  effablifhed,  it  would  afford  perhaps 
the  mofl  fatisfaCtory  folution  of  the  difficulty  occafioned  by  a 
view  of  the  various  ancient  fortifications  with  which  the  Ohio 
country  abounds,  of  any  that  has  ever  been  offered.  Thofe 
fortifications  were  evidently  never  made  by  the  Indians.  The 
Indian  art  of  war  prefents  nothing  of  the  kind.  The  proba¬ 
bility  too  is  that  the  perfons  who  conffrufted  them  were,  at 
that  time,  acquainted  with  the  ufe  of  iron:  The  fituation  of 
thefe  fortifications,  which  are  uniformly  in  the  moff  fertile 
land  of  the  country,  indicates,  that  thofe  who  made  them 
were  an  agricultural  people;  and  the  remarkable  care  and 
fkill  with  which  they  were  executed,  affords  traits  of  the 
genius  of  a  people,  who  relied  more  on  their  military  tkill 
than  on  their  numbers.  The  growth  of  the  trees  upon  them 
is  very  compatible  with  the  idea  that  it  is  not  more  than  three 
hundred  years  ago  that  (hey  were  abandoned. 

Thefe  hints  however  are  thrown  out  rather  to  excite  en¬ 
quiry,  than  by  way  of  advancing  any  decided  opinion  on  the 
fubjedt.  Having  never  met  with  any  of  the  perfons  who  had 
feen  thefe  white  Americans,  nor  even  received  their  teffimony 
near  the  fource,  I  have  always  entertained  confiderable  doubts 
about  the  fact.  Laft  evening,  however,  Mr.  John  Childs, 
of  Jeffamine  County,  a  gentleman  with  whom  I  have  been 
long  acquainted,  and  who  is  well  known  to  be  a  man  of  ve¬ 
racity,  communicated  a  relation  to  me,  which  at  all  events 
appears  to  merit  ferious  attention. 


After 
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,After  he  had  related  it  in  converfation,  I  requeued  him  to  Traditional  ac- 
repeat  it,  and  committed  it  to  writing.  It  has  certainly  tome  tints  of  America 

internal  marks  of  authenticity.  The  country  which  is  defcribed  fuppofed  to  have 

/  .  .  ,  .  .  .  originated  trom 

was  altogether  unknown  m  Virginia  when  the  relation  was  Wales. 

given,  and  probably  very  little  known  to  the  Shawnees 

Indians.  Yet  the  account  of  it  agrees  very  remarkably  with 

later  difcoveries.  On  the  other  hand,  the  dory  of  the  large 

animal,  though  by  no  means  incredible,  has  fomething  of  the 

air  of  fable,  and  it  does  not  fatisfa&orily  appear  how  the 

long  period  which  the  party  were  abfent  was  (pent;  though 

Indians  are,  however,  fo  much  accudomed  to  loiter  away  their 

time,  that  many  weeks,  and  even  months,  may  probably  have 

been  fpent  in  indolent  repofe. 

Without  detaining  you  any  more  with  preliminary  remarks, 

I  will  proceed  to  the  narration,  as  I  received  it  from  Mr, 

Childs. 

Maurice  Griffith,  a  native  of  Wales,  which  country  he  left 
when  he  was  about  fixteen  years  of  age,  was  taken  a  prifoner 
by  a  party  of  Shawnees  Indians,  about  forty  years  ago,  near 
Volfes  Fort,  on  the  head  of  Roanoke  river  in  Virginia,  and 
carried  to  the  Shawnees  nation.  ’Having  daid  there  about 
two  years  and  a  half,  he  found  that  five  young  men  of  the 
tribe  had  a  dedre  of  attempting  to  explore  the  fources  of  the 
Miflouri.  He  prevailed  upon  them  to  admit  him  as  one  of 
the  party.  They  let  out  with  dx  good  rifles  and  witli  flx 
pounds  of  powder  a-piece,  of  which  they  were,  of  courfe, 
very  careful. 

On  reaching  the  mouth  of  the  Miflouri,  they  were  druck 
with  the  extraordinary  appearance  occadoned  by  the  inter¬ 
mixture  of  the  muddy  waters  of  the  Midouri  and  the  clear 
tranfparent  element  of  the  Miflifiippi.  They  daid  two  or 
three  days  arnufing  themfelves  with  the  view  of  this  novel 
fight :  they  then  determined  on  the  courfe  which  they  fhould 
purfue,  which  happened  to  be  fo  nearly  in  the  courfe  of  the 
river,  that  they  frequently  came  within  dght  of  it  as  they  pro¬ 
ceeded  on  their  journey. 

After  travelling  about  thirty  days  through  pretty  farming 
wood  land,  they  came  into  fine  open  prairies,  on  which  no- 
thing  grew  but  long  luxuriant  grafs.  There  was  a  fuccedion 
of  tbefe  varying  in  fize,  lome  being  eight  or  ten  miles  acrols 
but  one  of  them  fo  long  that  it  occupied  three  days  to  travel 

through 
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Traditional  ac-  through  it.  In  palling  through  this  large  prairie,  they  were! 

tants  of  America  rauc  1  ^1“re"ed  for  water  and  provifions,  for  they  faw  neither 

luppofcd  to  have  head  nor  bird;  and,  though  there  was  an  abundance  of  fait 

Wales.te<^  *r°m  Springs,  frefh  water  was  very  fcarce.  In  one  of  thefe  prairies 
the  (alt  fprings  ran  into  fmall  ponds,  in  which,  as  the  weather 
was  hot,  the  water  had  funk  and  left  the  edges  of  the  ponds 
fo  ( overed  with  fait,  that  they  fully  fupplied  themfelves  with 
that  article,  and  might  eafily  have  collected  bufhels  of  it. 
As  they  were  travelling  through  the  prairies  they  had  like- 
v\ife  the  good  fortune  to  kill  an  animal,  which  was  nine  or 
ten  feet  high,  and  a  bulk  proportioned  to  its  heigh th .  They 
had  feen  two  of  the  fame  fpecies  before,  and  they  faw  four  of 
them  afterwards.  They  were  fwd ft- footed,  and  they  had  nei¬ 
ther  tufks  nor  horns.  After  having  pafTed  through  the  long 
prairie,  they  made  it  a  rule  never  to  enter  on  one  which  they 
could  not  fee  acrofs,  till  they  had  fupplied  themfelves  with  a 
fufficiency  of  jerked  venifon  to  laft  feveral  days. 

After  having  travelled  a  confiderable  time  through  the  prai¬ 
ries,  they  came  to  very  extenfive  lead  mines,  where  they 
melted  the  ore,  and  furnifhed  themfelves  with  what  lead  they 
wanted.  They  afterwards  came  twro  copper  mines,  one 
of  which  was  three  miles  through  ;  and  in  feveral  places  they 
met  with  rocks  of  copper  ore  as  large  as  houfes. 

When  about  fifteen  days  journey  from  the  fecond  copper- 
mine,  they  came  in  fight  of  while  mountains,  which,  though 
it  was  in  the  heat  of  fummer,  appeared  to  them  to  be  covered 
with  fnoW.  The  fight  naturally  excited  confiderable  afio- 
nifhment ;  but,  on  their  approaching  the  mountains,  they 
difcovered  that,  infiead  of  fnowr,  they  were  covered  with  im- 
menfe  bodies  of  white  fand. 

They  had  in  the  mean  time  pafTed  through  about  ten  nations 
of  Indians,  from  whom  they  received  very  friendly  treatment. 
It  was  the  praflice  of  the  party  to  exercife  the  office  of  fpokef- 
man  in  rotation  ;  and  when  the  language  of  any  nation  through 
which  they  pafTed  was  unknown  to  them,  it  was  the  duty  of 
the  fj  okefman,  a  duly  in  which  the  others  never  interfered, 
to  convey  their  meaning  by  appropriate  figns. 

The  labour  of  travelling  through  the  deep  fands  of  the 
mountains  was  exceffive  ;  but  at  length  they  relieved  them¬ 
felves  of  this  difficulty,  by  following  the  courfe  of  a  (hallow 
river,  the  bottom  of  which  being  level,  thoy  made  their  way 
fo  the  top  of  the  mountains  with  tolerable  convenience. 


After 


SUPPOSED  WELCH  INDIANS.  185 

After  paffing  the  mountains  they  entered  a  fine  fertile  tradl  Traditional  ac- 
•f  land,  which  having  travelled  through  for  feveral  days,  they  tants  0f  America 
accidentally  met  with  three  white  men  in  the  Indian  drefs.  fuppofed  to  have 
Griffith  immediately  underftood  their  language,  as  it  was  ^roia 

pure  Welch,  though  they  occafionally  made  ufe  of  a  tew  words 
with  which  he  was  not  acquainted.  However,  as  it  happened 
to  be  the  turn  of  one  of  his  Shawnees  companions  to  a£t  as 
fpokefman  or  interpreter,  he  preferved  a  profound  filence, 
and  never  gave  them  any  intimation  that  he  underflood  the 
language  of  their  new  companions. 

After  proceeding  with  them  four  or  five  days  journey,  they 
came  to  the  village  of  thefe  white  men,  where  they  found 
that  the  whole  nation  wras  of  the  fame  colour,  having  all  the 
European  complexion.  The  three  men  took  them  through 
their  villages  for  about  the  fpace  of  fifteen  miles,  when  they 
came  to  the  council. houfe,  at  which  an  allembly  of  the  king 
and  chiei  men  of  the  nation  was  immediately  held.  The 
council  laded  three  days,  and  as  the  ftrangers  were  not  fup¬ 
pofed  to  be  acquainted  with  their  language,  they  were  buf¬ 
fered  to  be  prefent  at  their  deliberations. 

The  great  queftion  before  the  council  was,  what  conduct 
fhould  be  obferved  towards  the  ftrangers.  From  their  fire¬ 
arms,  their  knives,  and  their  tomahawks,  it  was  concluded  that 
they  were  a  warlike  people.  It  was  conceived,  that  they  were 
fent  to  look  out  for  a  country  for  their  nation ;  that  if  they  were 
buffered  to  return,  they  might  expert  a  body  of  powerful  in¬ 
vaders  ;  but  that  if  thefe  fix  men  were  put  to  death,  nothing 
would  be  known  of  their  country,  and  they  would  ftill  enjoy 
their  poffeffions  in  fecurity.  It  was  finally  determined  that  they 
fhould  be  put  to  death. 

Griffith  then  thought  it  was  time  for  him  to  fpeak.  He  ad- 
dreffed  the  council  in  the  Welfh  language.  He  informed  them, 
that  they  had  not  been  fent  by  any  nation  ;  that  they  were 
adluated  merely  by  private  curiofity,  they  had  no  hoftile  in¬ 
tentions  ;  that  it  wras  their  wifh  to  trace  the  Mitfouri  to  its 
fource;  and  that  they  fhould  return  to  their  country  fatisfied 
with  the  difcoveries  they  had  made,  without  any  wifh  to  dif- 
turb  the  repofe  of  their  new  acquaintances. 

An  inflant  aftonifhment  glowed  in  the  countenances,  not  only 
of  the  council,  but  of  his  Shawnees  companions,  who  clearly 

faw  that  he  was  underftood  by4he  people  of  the  country,  full 

confidence 
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Traditional  ac-  confidence  was  at  once  given  to  his  declarations,,  the  king 
count  of  nihabi- a(jvancecj  an(j  ve  |,jm  fojg  l)ancp  They  abandoned  the  de¬ 
fuppofed  to  have  1]gn  putting  him  and  his  companions  to  death,  and  from 
originated  from  that  moment  treated  him  with  the  utmoft  friendthip.  Griffith 
and  the  Shawnees  continued  eight  months  in  the  nation  ;  but 
were  deterred  from  profecuting  their  refearches  up  the  Mif- 
fouri  by  the  advice  of  the  people  of  the  country,  who  in* 
formed  them,  that  they  had  gone  a  twelve  month's  journey 
up  the  river,  but  found  it  as  large  there  as  it  was  in  their  own 
country. 

As  to  the  hifiory  of  this  people,  he  could  learn  nothing  fa- 
nsfaclory.  1  lie  only  account  they  could  give  was,  that  their 
lorelatliers  had  come  up  the  river  from  a  very  dirtant  country. 
They  had  no  books,  no  records,  no  writings.  They  inter¬ 
mixed  with  no  other  people  by  marriage,  there  was  not  a  dark- 
fkinned  man  in  the  nation.  Their  numbers  were  very  confi- 
derable.  There  was  a  continued  range  of  fettlements  on  the 
river,  for  fifty  miles,  and  there  were  within  this  fpace  three  large 
water-courfes  which  fell  into  the  MifTouri,  on  the  banks  of  each 
of  which  they  were  likewife  fettled.  He  fuppofed  that  there 
„murt  be  fifty  thouland  men  in  the  nation  capable  of  bearing 
arms.  Their  cloathing  was  fkins  well  drefled.  Their  houfes 
were  marie  of  upright  ports  and  the  barks  of  trees.  The  only 
implement  they  had  to  cut  them  with,  were  rtone  tomahawks; 
they  had  no  iron.  Their  arms  were  bows  and  arrows.  They 
had  fome  filver  which  had  been  hammered  with  (tones  into 
coarfe  ornaments,  but  it  did  not  appear  to  be  pure.  They 
had  neither  horfes,  cattle,  (beep,  hogs,  nor  any  domeftic  nor 
tame  animals.  They  lived  by  hunting.  He  faid  nothing  about 
their  religion. 

Griffith  and  his  companions  had  fome  large  iron  tomahawks 
with  them.  With  thefe  they  cut  down  a  tree  and  prepared 
a  canoe  to  return  home  in  :  But  their  tomahawks  were  fo  great 
acuriortty,  and  the  people  of  the  courtry  were  fo  eager  to 
handle  them,  that  their  canoe  was  completed  with  very  little 
labour.  When  this  w'ork  was  accompliflied,  they  propofed 
to  leave  their  new  friends ;  Griffith,  however,  having  pro- 
jniled  to  vi fit  them  again. 

They  defcended  the  river  with  confiderable  fpeed,  butamidll 
frequent  dangers,  from  the  rapidity  of  the  current  particularly 
when  palling  through  the  white  mountains,  When  they  reached 

the 
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the  Shawnees  nation,  they  had  been  abfent  about  two  years  Traditional  ac- 

and  a  half.  Griffith  fuppofed  that  when  they  travelled  they  tantsor'^America 
went  at  the  rate  of  about  fifteen  miles  per  day.  fuppofed  to  have 

He  (laid  but  a  few  months  with  the  Indians  after  his  return,  ?[^1inaCe^  *ruul 
as  a  favourable  opportunity  offered  itfelf  to  him  to  reach  his 
friends  in  Virginia.  He  came  with  a  hunting  party  of  Indians 
to  the  head  waters  of  Coal-river,  which  runs  into  New-river 
not  far  above  the  falls.  There  he  left  the  Shawnees  and  eafily 
reached  the  fettlements  on  Roanoke. 

Mr.  Childs  knew  him  before  he  was  taken  prifoner,  and 
faw  him  a  few  days  after  his  return,  when  he  narrated  to  him 
the  preceding  circumfiances.  Griffith  was  univerfally  re¬ 
garded  as  a  ffeady  honeh  man,  and  a  man  of  drift  veracity. 

Mr.  Childs  has  always  placed  the  utmoft  confidence  in  his 
account  of  himfelf  and  his  travels,  and  has  no  more  doubt 
of  the  truth  of  his  relation,  than  if  he  had  feen  the  whole- 
himfelf.  Whether  Griffith  be  hill  alive  or  not  he  does  not 
know. 

Whether  his  ideas  be  correct  or  not,  we  (hall  probably  have 
a  better  opportunity  of  judging  on  the  return  of  Captains 
Lewis  and  Clark  ;  who,  though  they  may  not  penetrate  as 
far  as  Griffith  alledged  that  he  had  done,  will  probably  learn 
enough  of  the  country  to  enable  us  to  determine  whether  the- 
account  given  by  Griffith  be  fiction  or  truth# 

I  am,  Sir, 

Your  humble  fervant, 

HARRY  TOULMIN. 

Frankford,  Dec.  12,  1804. 


Additional  Obfervations  and  Conjectures  by  the  Editor. 

THE  hory  of  a  Welch  colonization  of  America  has  excited 
much  curiofity,  both  in  Europe  and  the  United  States  :  By 
many  it  is  believed,  while  by  others  it  is  thought  unworthy  of 
any  attention.  By  reafon  of  the  prefent  rapid  progrefs  of  fet- 
tlement  in  America,  the  time  cannot  be  remote  when  the 
truth  or  falfity  of  this  dory  will  be  completely  edablifhed. 
In  the  meanwhile  I  do  not  hefitate  to  conjecture,  that  no  traces 
of  the  defcendants  of  the  Welch  prince  mil  ever  be  difcoiercd  in 
the  wftcrn  parts  qf'  North  America. 


It 
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count  of  inhabr-  many  perfons  in  Europe  at  leaft  reft  their  hopes  of  proving, 
tants  of  America  .  ,  r  1  * 

fuppofed  to  have  in  m°ft  latisfactory  manner,  that  the  Welch  have  con- 

originated  from  tributed  to  the  peopling  of  America. 

David  Powel,  a  Welch  hiftorian,  informs  us,  that  on  the 
deceafe  of  Owen  Guyneth,  king  of  North  Wales,  a  difpute 
arofe  among  his  tons  concerning  the  fucceffion  to  the  crown  ; 
and  that  Madoc  or  Madog,  one  of  the  Tons,  ft  weary  of  this 
contention,  betook  himfelf  to  fea,  in  queft  of  a  more  quiet 
fettlement  We  are  informed,  that  “  he  fteered  due  weft, 
leaving  Ireland  to  the  north,  and  arrived  in  an  unknown 
country,  which  appeared  to  him  fo  deftrable,  that  he  returned 
to  Wales,  and  carried  hither  feveral  of  his  adherents  and  com¬ 
panions.  After  this  neither  Madog  nor  his  companions  were 
ever  heard  of  more.  The  voyage  of  Madog  is  faid  to  have 
been  performed  about  the  year  1 170. 

I  have  not  feen  Powel’s  work,  but  I  learn  that  this  hifto¬ 
rian,  who  lived  in  the  reign  of  Queen  Elizabeth,  and  confe- 
quently  at  a  great  diftance  of  time  from  the  event  which  he 
records,  adduces  no  better  authority  in  fupport  of  the  voyage 
than  a  quotation  from  a  Welch  poet,  t(  which  proves  no  more 
than  that  he  (Madog)  had  diftinguifhed  himfelf  by  fea  and 
land  f.”  Some  few  Welch  words,  fuch  as  gurando ,  to  hearken 
or  liften,  &c.  are  very  feebly  or  unfortunately  adduced  by 
Powel,  as  circumftances  favourable  to  the  truth  of  the  Welch 
emigration. 

When  we  conftder  “  that  the  Welch  were  never  a  naval 
people;  that  the  age  in  which  Madog  lived  was  peculiarly  ig¬ 
norant  in  navigation;”  that  the  compafs  was  then  unknown; 
the  ftory  of  the  voyages  of  the  Welch  prince  muft  I  think  be 
confidered  as  extremely  improbable.  I  am  of  opinion  with 
Mr.  Pennant,  that  “  the  mod  which  they  could  have  attempted 
muft  have  been  a  merecoafting  voyage.” 

But  it  may  be  faid,  we  muft  appeal  to  fa61s ;  and  that  in* 
dependently  of  the  verfes  of  the  Welch  poet,  and  the  argu¬ 
ments  of  the  Welch  hiftorian,  it  feems  highly  probable  that  a 
colony  of  white  people  who  fpeak  the  Welch  language,  does 
a&ually  exift  in  the  weftern  parts  of  North  America, 

*  Dr.  Robertfon. 

f  Pennant’s  Artie  Zoology,  Introduction,  p.  cclxiii,  &c, 

I  cannot. 
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I  cannot,  I  mufi  confefs,  adopt  this  opinion.  I  readily  allow,  Tradition^  ac- 
that  the  relations  publifhed  by  Mr.  Toulmin  and  many  other  tants 0f  America 
perfons,  both  in  Europe  and  in  America,  are  extremely  curious,  fuppofed  to  have 
But  thefe  relations  are  very  incondftent  with  one  another,  frQm 

particularly  in  what  relates  to  the  actual  date  of  improvement 
of  the  fuppofed  Wei  fb  men.  By  fume'  we  are  told  they  are 
very  far  advanced  in  improvement ;  by  others  that  their  im¬ 
provement  is  not  at  all  greater  than  that  of  the  Red-men  or 
Indians  of  America.  At  one  time,  they  are  faid  to  be  in  pof- 
(edion  of  manufcripts  (and  even  printed  books)  at  another  time 
nothing  of  this  kind  is  found  among  them.  It  muft  be  con- 
fefled  that  Maurice  Griffith’s  relation  is,  in  feveral  refpefts, 
more  plaufible  than  that  of  any  preceding  traveller;  but  it  is 
not  unincumbered  with  inconddencies,  which  I  do  not  deem 
it  neceffary  to  notice  in  this  place.  His  alTertion  “  that  the  white 
men  of  the  MitTouri  (peak  pure  Welch/’  even  though  this  aifer- 
tion  be  qualified  by  the  obfervation  that  “they  occadonally  make 
ufe  of  a  few  words  with  which  he  was  not  acquainted/’  is  to 
me  one  of  the  mod  improbable  things  that  have  ever  been 
related  of  thefe  people.  His  dlence  about  their  religion  is 
altogether  inexculable.  One  would  luppofe  that  a  perion  of 
Griflitf/s  inquifitive  turn  of  mind,  would  hardly  have  omitted 
to  make  fome  inquiries  refpe&ing  the  religious  inditutions  of  a 
people,  whom  he  conddered  as  his  countrymen.  If  thefe 
people  be  the  defcendanls  of  Madog,  fomt  traces  of  the  Cbrif- 
tian  religion  may  be  expe£ted  to  be  difcerned  among  them  ; 
for  I  think  it  requires  many  centuries  to  entirely  efface  from 
the  memory  of  a  people  all  vediges  of  their  religion,  efpecially 
from  a  people  fo  tenacious  of  their  language,  and  fo  little  dif- 
pofed  to  intermix  wdih  their  neighbours,  as  the  Welch  Indians 
are  reprefented  to  be. 

But  Griffith’s  relation  is,  I  think,  worthy  of  fome  attention.' 

1  even  think  it  not  altogether  improbable  that  future  refearches 
will  edablifh  the  fa&,  that  there  does  exid  in  the  vvedern  parts 
of  North  America  a  race  or  nation  of  men,  whofe  complexion 
is  much  fairer  than  that  of  the  furrounding  tribes  of  Indians, 
and  who  fpeak  a  language  abounding  in  Welch  or  Celtic 
words.  But  the  complete  edablidiment  of  thele  two  points 
would  not  prove  the  eftabliffiment  of  the  truth  of  the  affertion, 
that  Prince  Madog  had  ever  made  a  voyage  to  America,  or 
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Traditional  ac-  that  a  colony  of  Cells  had  at  any  period  prior  to  the  difcovery 

tants  of  America  ^  America  by  Columbus,  puffed  into  tins  heraifphere  from 

fuppofed  to  have  Britain. 

Waics?Cd  fr°m  ^  maf  bought,  from  the  flatemenl  publiflied  by  Dr. 

Williams  and  fome  other  writers  on  the  fubject,  that  the  belief 
of  the  exigence  ot  a  race  of  Welch  Indians  in  America  is  ge¬ 
nerally  admitted  by  the  Welch  Indians  and  others.  But  this 
is  far  from  being  the  cafe.  The  late  Mr.  M‘  Gilivray,  a  man 
of  no  inconfiderable  powers  ot  mind,  and  whofe  curiofity  was 
by  no  means  confined  to  his  own  relatives,  the  Mufcohge,  or 
Creek  Indians,  informed  me,  in  the  year  1790,  that  he  knew 
nothing  of  the  exigence  of  any  white  people  in  the  Iradt  of 
country  beyond  the  Miflidippi. 

The  following  is  an  exfradt  of  a  letter  (dated  Downing,  June 
14,  1792)  from  my  learned  and  excellent  friend  the  late  Mr. 
Thomas  Pennant  of  Wales. 

#<  My  countrymen  are  wild  among  the  Padoucas,  or  Welch 
Indians,  defendants  of  Madog,  now  feated  about  the  upper 
parts  of  the  Miffouri.  I  am  rather  in  difgrace,  not  having  the 
warmed  hopes  of  their  difcovery.  Pray  what  is  your  opinion 
and  that  of  your  philofophers  ?” 

In  anfwer  of  the  above  I  wrote  a  letter,  of  which  the  fol¬ 
lowing  is  a  part : 

°  I  have  heard  a  great  deal  about  the  Welch  Indians.  I  very 
early  imbibed  your  opinion,  as  delivered  in  your  Arctic  Zoo- 
logy*,  and  mentioned  you  on  the  fubjeft  in  a  little  work  f 
which  I  publiflied  in  England  at  the  age  0f  *  *  *  *.  I  do  not 
know  whether  you  have  feen  that  work.  I  do  not  mean  to 
hint  that  it  is  worthy  of  your  attention.  I  certainly  think  there 
is  fome  foundation  for  the  dory;  but  I  have  no  doubt  but  the 
whole  affair  will  turn  out  very  different  from  a  difcovery  of 
Madog's  defendants  in  America. 

f‘  1  have  faid,  that  I  think  there  is  fome  ground  for  the  dory. 

I  fliall  explain  myfelf.  You  know  that  many  of  the  fird  vifitofs 
of  the  new  world  were  ftruck  with  the  refemblance  which 

*  See  the  introduction  to  the  work,  pages  263,  264. 

+  Obfervations  on  fome  parts  of  natural  hiftory  j  to  which  is 
prefixed  an  account  of  leveral  remarkable  veftiges,  of  an  ancient 
date,  which  have  lx  tn  dif'eovered  in  different  parts  ot  North  America. 
Part  I.  London,  1797.  » 
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fubfifts  between  fome  of  the  American  nations  and  the  Jews.  Traditional  ac* 

.  count  or  lnnabi- 

Some  Hebrew  words  were  found  in  this  continent,  as  they  tants  of  America 
have  been  every  where  elfe.  The  Americans  were  now  faid  fuppofed  to  have, 
to  be  the  defendants  of  the  Jews,  and  Adair  laboured  very  -yy^]es% 
hard  to  prove  the  matter  in  a  ponderous  quarto  which  tew 
people  read,  becuule  it  is  big  with  fyftem  and  extravagance, 
though,  indeed,  it  contains  fome  curious  and  accurate  matter. 

In  like  manner,  in  the  languages  of  fome  of  the  American  , 
tribes  there  are  found  fome  words  which  are  a  good  deal  ana¬ 
logous  to  words  in  the  languages  of  the  ancient  Celts.  Wafer, 
who  was  a  very  refpe<5tab!e  observer,  if  we  confider  his  oc¬ 
cupation  in  life,  mentions  the  coincidence  he  found  between 
the  language  of  the  Indians  of  Darien  and  that  of  the  Highland 
Scots;  and  I  could  produce  infiances  of  their  coincidence. 

Some  Greek  words  are  alfo  found  in  certain  of  the  American 
languages.  I  would  not  ftrain  a  point  (o  much  as  tome  writers 
have,  who  mention  the  coincidence  which  fubfiffs  between 
the  Greek  T/icos  and  the  Mexican  Teotl.  The  word  Potozv- 
mack,  which  is  the  name  of  one  of  our  great  rivers,  is  a  good 
deal  like  the  Greek  Potomoa  Thefe  words  (perhaps  they 
are  accidental  refemblances)  have  given  rife  to  fome  of  the 
numerous  theories  which  we  have  had  concerning  tiie  peopling 
of  this  great  continent :  and  I  doubt  not  that  fome  *  *  *  *  or 
perfon  who  underftood  the  Welch  language,  finding  Celtic 
words  (a  language  fpoken  by  the  Welch)  among  the  Ame¬ 
ricans,  in  the  fulnefs  of  his  zeal  would  bring  his  countrymen 
among  the  Padoucas,  Apaches,  &c. 

“  Such,  I  believe,  has  been  the  origin  of  this  wonderful 
(lory.  I  prefume,  that,  were  an  ignorant  Highlander  to  vifit 
the  Darien  Indians,  or  fome  other  American  tribes,  he  would 
fancy  himfelf  among  bis  countrymen,  whom  painting,  e» 
pofure  to  the  fun,  &c.  he  might  fuppofe  had  exalted  or  de¬ 
graded  to  their  prefen t  tinge.  I  lately  converfed  with  an  old 
Highlander,  who  faid,  that  the  Indians  fpeak  the  Highland 
language.  Some  Highland  words  were  mentioned  by  him  ; 

*  The  Abbe  Molina  (in  his  Compendio  de  la  Hiftoria  Civil  del 
Reyno  de  Chile,  &c.  Parte  Segunda,  p.  334,  335.)  has  pointed 
out  fome  very  ftriking  inftanccs  of  refenibiance  between  the  Greek 
and  Chilefe  languages.  He  has  alfo  pointed  out  fome  refemblance 
between  the  Latin  and  the  Chilefe. — February  19,  1305. 

*  *  *  # 
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****  one  word  ****  I  recollect,  the  word  tcine,  wliich  in 
the  Highland  language,  he  faid,  fignifies  fire:  now  our  Dela¬ 
ware  Indians  call  fire  t triday ;  the  refemblance  in  found  is 
certainly  not  1  mall.  The  Celts  have,  undoubtedly,  been  very 
widely  fpread  over  the  globe  :  I  believe  they  cxifted  in  this 
eountry,  and  that  their  defcendants  are  fome  of  the  prefent 
tribes  *.  That  Celtic  words  fhould  be  found  among  the 
Americans,  when  Celtic  words  are  to  be  found  almoft  every¬ 
where  elfe,  is  not  I  think  to  be  wondered  at/1 


r 


IX. 


Account  of  an  improved  Sheep-Fold ,  contrived  and  conftru&ed  by 
Thomas  Plowman,  Efq.  of  Broom  in  Norfolk ,  and  com¬ 
municated  by  him  to  the  Society  for  the  Encouragement  of 
Arts  f . 

HE  model  of  Mr.  Plowman's  Sheepfoid  was  forwarded  to 
the  Secretary  of  the  Society  of  Arts  Iaft  year  with  a  letter 
deferibing  its  properties  and  conftru&ion.  It  is  made  on  an 
improved  and  very  fimple  principle,  combining  many  ad¬ 
vantages  over  the  old  and  expenlive  method  of  folding  by 
hurdles ;  and  as  the  whole  fold  can  be  removed  with  eafe  at 
all  times,  it  is  found  peculiarly  ufeful  in  feeding  off  turnips  on 
the  land  in  frofiy  weather,  when  hurdles  cannot  be  ufed ;  and, 
as  the  faving  of  labour  in  agriculture  is  a  leading  object,  he 
has  no  doubt  of  feeing  it,  in  a  very  few  years,  generally 
adopted. 

The  expence,  in  the  firft  inftance,  will  exceed  that  of 
jhurdles,  for  the  fame  given  quantity  of  fheep ;  but  having 
had  one  in  ufe  nearly  three  years,  he  is  latisfied  the  faving 
will  be  very  confiderable  :  for,  before  he  adopted  this  method 
of  folding,  he  loft  from  thirty  to  forty  nights  folding  in  the 
year,  owing  to  the  land  being  hard  in  dry  feafons,  fuch  as  the 

*  Very  confiderable  fragments  cf  the  Celtic  diale&s  are  dill  pre- 
ferved  in  America  ;  particularly,  if  I  do  not  miftake,  among  the 
Ranticokes  and  the  Katalba  or  Katawbas.  February  19,  1805. 

f  The  Society  awarded  the  gold  medal  for  this  ufeful  improve¬ 
ment,  and  inferted  his  account. 
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two  Iaft ;  which  renders  folding  almoft  impradticable,  as  Saving  of 
they  never  can  be  fet  without  great  labour  and  deftruction  of *lurJ‘Cj  1  aad 
hurdles.  He  is  alfo  clearly  of  ©pinion,  that  the  flock  of  fheep 
will  be  greatly  increafed  when  this  method  of  folding  becomes 
more  known ;  and  that  it  will  enable  many  fmall  farmers  to 
keep  from  50  to  100  fheep,  who  now  are  deterred  from  it,  £reater  profit  in 
on  account  of  the  fmall  quantity  of  feed  they  have,  not  an-  keepiifg^tep. 
fwering  to  keep  a  man  for  that  purpofe  only ;  but  by  this  plan, 
they  may  keep  a  boy  at  3s.  or  3s.  6d.  per  week,  w7ho  can  at¬ 
tend  on  100  or  200  fheep,  and  move  the  fold  himfelf  without 
any  alii  dance.  In  heavy  gales  of  wind  it  frequently  happens  ** IS  eafily 
that  hurdles  are  blown  down,  and  the  fheep,  of  courfe,  being  jj^Ie  to  be  blowo 
at  liberty  to  range  over  the  crops,  do  incalculable  mifehief;  down  ; 
which  cannot  happen  with  this  fold. 

In  fome  counties  in  England,  where  hogs  are  folded,  great  refiftshogs. 
difficulties  are  experienced  for  want  of  (towage,  for  them  to 
feed  off  winter  tares,  &c.  &c.  as  they  root  up  every  flake  or 
hurdle;  but  from  having  tried  the  experiment,  the  inventor  is 
certain  his  fold  will  keep  them  in,  and  defies  their  attempts 
to  difplace  it. 

from  this  drawing,  which  correfponds  writh  the  model,  and 
from  the  defeription,  it  is  feen  that  an  aflonifhing  quantity  of 
time  is  faved  ;  for  one  man  can  remove  a  told  to  contain  300 
fheep  with  eafe  in  five  minutes,  which,  by  the  old  method, 
frequently.takes  fome  hours  to  accomplifh. 

Certificates  of  gentlemen,  who  ufe  thefe  new  folds,  were 
fent  to  the  fociety,  among  whom  is  that  of  his  Grace  the 
Duke  of  Bedford. 

When  the  fold  is  wanted  to  be  ufed  on  very  hilly  ground.  Method  of  pkc- 

it  is  belt  to  begin  at  the  top,  and  work  it  down  to  the  bottom.  lng  1C  on  Billy 
°  'W*  7  grounds  r 

for  the  eafe  of  removing  it,  and  then  draw  it  up  ‘dgain  with  a 

borfe.  This,-  however,  the  inventor  has  nevef  had  occafion 

to  do  ;  for  the  land  in  his  county  is  ploughed  in  a  contrary 

direction,  and  the  fold  is  worked  in  the  fame  courfe' as  the 

ridges.  By  this  mean,  the  inconvenience  is  avoided  of  crofs- 

ing  the  furrows,  and  they  are  alfo  a  guide  to  keep  the  fold 'iri 

a  flraight  direction. 

With  refpedt  to  the  fheep  getting  under,  he  does  not  re¬ 
collect  that  circum (lance  to  have  ever  happened,  'nor  does  he 
conceive  that,  any  land,  which  is  cultivated  can  be  fo  uneven 
as  to  admit  of  it.  : 

Tol.  XII. — Nov  EMBER,  1805.. 
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D  fcription  with  Defcription  of  the  Sheepfold. 

reference  to  the  >  1 

drawing.  Plate  XI.  Fig.  1.  Shows  one  divifion  or  part  of  this  fence 

twenty-one  (eet  long,  and  three  feet  eleven  inches  high,  com- 

pofed  of  the  following  parts : 

A.  A  top  rail  three  inches  deep  and  two  Inches  thick.  B. 
I  he  upper  bar,  three  inches  deep,  and  three-quarters  inch 
thick.  CC,  The  two  lower  bars,  Four  inches  by  three- 
quarters  of  an  inch,  which,  with  the  upper  bar,  are  morticed 
through  the  uprights.  DDDD,  Which  uprights  are  oak, 
three  inches  by  two  inches.  E,  The  lower  bar,  three  inches 
by  three.  F.  An  upright  bar,  with  the  horizontal  bars  halved 
into  it.  GG,  Two  oak  uprights,  three  by  two  inches. 

Fig.  2.  Shows  the  oak  uprights  GG.  H,  The  axletree, 
three  inches  by  three,  and  three  Feet  between  the  wheels.  I, 

.  An  oak  knee,  which  connects  the  uprights  G  G  with  the 
axfctree,  by  means  of  two  Fcrews  and  nuts. 

Fig.  3.  A  plan,  in  which  the  axle  H  is  fliown  with  two 
arms  KK  at  right  angles  to  H,  which  are  made  to  a6t  as 
pivots  to  the  wheels,  when  intended  to  be  moved  in  a  direc¬ 
tion  at  right  angles  to  the  bars. 

Fig.  4.  Is  a  view  of  the  fame  parts  deferibed  in  fig,  3. 
The  wheels  marked  W,  in  all  the  figures,  are  of  cart  iron, 
and  cofl  3s.  6d.  each. 


Anecdotes  of  an  American  Crow.  By  William  Bartram*. 

•  •  ■  -  * 

Anecdotes  of  a  It  is  a  difficult  talk  to  give  a  hiflory  of  our  crow.  And  I 
hefitate  not  to  aver,  that  it  would  require  the  pen  of  a  very 
able  biographer  to  do  juftice  to  his  talents. 

Before  I  enter  on  this  fubjedl  minutely,  it  may  be  neceffary 
to  remark,  that  we  do  not  here  fpeak  of  the  crow  colle&ively, 
as  giving  an  account  of  the  whole  race,  fince  I  am  convinced 
that  thefe  birds  differ  as  widely  as  men  do  from  each  other  in 
point  of  talents  and  acquirements,  but  of  a  particular  kind  of 
that  fpecies,  which  I  reared  from  ihe  neft. 


*  From  the  Philadelphia  Medical  Journal,  Vol.  I.  part  I. 

He 
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He  was,  for  a  long  time,  comparatively,  a  helplefs  depend-  Anecdotes  of  a 
ant  creature,  having  a  very  fmali  degree  of  activity  or  vivacity,  crow* 
every  lenfe  Teeming  to  be  afleep,  or  in  embryo,  until  he  had’ 
nearly  attained  his  finilhed  dimenfions  and  figure,  and  the  ufe 
of  all  his  members.  Then  we  were  furprifed  and  daily 
am  u  fed  with  the  progreffive  developement  of  his  fenfes,  ex¬ 
panding  and  naturating  as  the  wings  of  the  youthful  phalsena, 
when  difengaged  from  its  nympha  fhell . 

Thefe  fenfes  however.  Teemed,  as  in  man,  to  be  only  the 
organs  or  infiruments  of  his  intellectual  powers,  and  of  their 
effeCts,  as  directed  towards  the  accomplilhment  of  various 
defigns  and  the  gratification  of  the  paffions. 

This  was  a  bird  of  a  happy  temper  and  good  difpofition. 

He  was  traCtable  and  benevolent,  docile  and  humble,  whilfi 
his  genius  demonfirated  extraordinary  acutenefs  and  lively 
Tenlations;  All  thefe  good  qualities  were  greatly  in  his  favour, 
for  they  procured  him  friends  and  patrons,  even  among  men 
whole  lociety  and  regard  contributed  to  iilufirate  the  pow’ers 
of  his  underitanding.  But  what  appeared  moft  extraordinary, 
he  feemed  to  have  the  wit  to  fefeCt  and  treafure  up  in  his 
mind,  and  the  fagacity  to  practice,  that  kind  of  knowledge 
which  procured  him  the  m’ofi  advantage  and  profit. 

He  had  great  talents,  and  a  firong  propenfily  to  imitation. 

When  I  wras  engaged  in  weeding  in  the  garden,  he  would 
often  fly  to  me,  and  after  very  attentively  obferving  me  in 
pulling  up  the  fmali  weeds  and  grafs,  he  would  fall  to  work, 
and  with  his  firong  beak  pluck  up  the  grafs ;  and  the  more  fo, 
when  I  complimented  him  with  encouraging  expreflions.  He 
enjoyed  great  pieafure  and  amufement  in  feeing  me  write, 
and  would  attempt  to  take  the  pen  out  of  my  hand,  and  my 
fpeCtacles  from  my  nofe.  The  latter  article  he  was  fo  pleafed 
with,  that  I  found  it  neceffary  to  put  them  out  of  his  reach 
when  I  had  done  ufing  them.  But  one  time,  in  particular4, 
having  left  them  a  moment,  the  crow  being  then  out  of  my 
fight,  recollecting  the  bird’s  mifchievous  tricks,  I  returned 
quickly  and  found  him  upon  the  table,  rifling  my  inkftand, 
books,  and  paper.  When  he  favv  me  coming,  he  took  up  my 
fpeCtacles  and  flew  off  with  them.  I  found  it  vain  to  pretend 
to  overtake  him  ;  btit  (landing  to  obferve  his  operations  with 
my  fpeCtacles,  I  faw  him  fettle  down  at  the  root  of  an  apple- 
tree,  where,  after  atmifing  himfelf  for  awhile,  I  obferved 
!  0  2  that 
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that  he  ivas  hiding  them  in  the  grafs,  and  covering  them  w?tff 
thicks  and  chips.,  often  looking  round  about  to  fee  whether  l 
Was  watching  him.  When,  lie  thought  he  had  fufficiently 
fecreted  them,  he, turned  about,  advancing  towards  me  at  my 
call.  When  he  had  come  near  me,  I  ran  towards  the  tree 
to  regain  my  property.  But  he  judging  of  my  intentions  by 
my  actions,  flew,  and  arriving  there  before  me,  picked  them 
up  again,  and  flew  off  with  them  into  another  apple  tree.  I 
now  almofl  defpaired  of  ever  getting  them  again.  However 
I  returned  back  to  a  houfe  a  little  dillance  off,  and  there 
fecreting  mylelf,  I  had  a  full  view  of  him,  and  waited  to  fee 
the  event.  After  fome  time  had  elapfed,  during  which  I  heard 
a  great  hoife  and  talk  from  him,  of  which  I  underflood  not  a 
word,  he  left  the  tree  with  my  fpectacles  dangling  in  his 
mouth,  and  alighted  with  them  on  the  ground.  After  fome 
time,  and  a  great  deal  of  caution  and  contrivance  in  choofing 
And  reje&ing  different  places,  he  hid  them  again,  as  he 
thought,  very  effectually  in  the  -grafs,  carrying  and  placing 
over  them  chips,  dry  leaves,  &ic.  and  often  pu filing  them 
down  with. his  bill.  After  he  had  fini  filed  this  work,  he  flew 
up  into  a  tree  hard  by,  ancj  there  continued  a  long  time  talking 
to  himfelf  and  making  much  noife;  bragging,  as  I  fuppofe, 
of  his  Achievements.  At  la  ft  he  returned  to  the  houfe,  where 
not  finding  me^  he  betook  himfelf  to  other  amufements. 
Having  noted  the  place  where  he  had  hid  my  fpectacles,  I 
hafiened  thither,  and  after  fome  time  recovered  them. 

This  bird  had  an  excellent  memory.  He  foon  learned  the 
name  which  we  had  given  him,  which  was  Tom  ;  and  would 
commonly  come  when  he  was  called,  unlels  engaged  in  fome 
favourite  amufement,  or  foon  after  correction  ;  for  when  he  had 
run  to  great  lengths  in  mifehief,  I  was  under  the  neceffity  of 
whipping  him,  which  I  did  with  a  little  fwitch.  He  would 
in  general  bear  correction  with  wonderful  patience  and 
humility,  fupplicating  with  piteous  and  penitent  cries  and 
actions.  But  Sometimes  when  chaftifement  became  intolerable* 
he  would  luddenly  /fart  off,  and  take  refuge  in  the  next  tree. 
Here  he  w'ould  eonfole  himfelf  with  chattering  and  adjuring 
his  leathers,  if  he  was  not  lucky  enough  to  carry  off  with 
him  fome  of  my  property,  fuch  as  a  pen  knife,  or  a  piece  of 
of  paper ;  in  this  cafe  he  would  boalt  and  brag  very  loudly. 
At  other  times  he  would  foon  return,  and  with  every  token  of 

penitence 
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penitence  and  fubmiflion  approach  me  for  forgivenefs  and  Anecdotes  of  a 

reconciliation.  On  thefe  occafions  he  would  fometimes  return  CK'V'’' 

and  fettle  on  the  ground  near  my  feet,  and  diffidently  advance 

with  foft  foothing  expreflions,  and  a  fort  of  circumlocution, 

and  fit  filently  by  me  for  a  confiderable  time.  At  other  times 

■be  would  confidently  come  and  fettle  upon  my  (boulder,  and 

there  tolicit  mv  favour  and  pardon  with  toothing  expreflions 

and  carefling  gefticulations ;  not  omitting  to  tickle  me  about 

the  neck,  ears,  &c. 

Tom  appeared  to  be  influenced  by  a  lively  fenfe  of  domina¬ 
tion  (an  attribute  prevalent  in  the  animal  creation)  but  never- 
tbelefs  his  ambition,  in  this  refpecl,  feemed  to  be  moderated 
by  a  degree  of  reafon  or  reflection.  He  was  certainly  by  no 
means  tyrannical  or  cruel.  It  mutt  be  confefled,  however, 
that  he  aimed  to  be  mailer  of  every  animal  around  him,  in 
order  to  fecure  his  independence  and  his  felf  prelervation,  and 
for  the  acquifttion  and  defence  of  his  natural  rights.  Yet  in 
general  he  was  peaceable  and  focial  with  ail  the  animals  about 
him. 

He  was  the  mod  troublefome  and  teazing  to  a  large  dog 
whom  he  could  never  conquer.  This  old  clog  from  natural 
fidelity  and  a  particular  attachment  commonly  lay  down  near 
jne  when  I  was  at  reft,  reading  or  writing  under  the  fhade  of 
a  pear-tree  in  the  garden  near  the  houfe.  Tom  (I  believe 
from  a  paftion  of  jealoufv)  would  approach  me  with  his  ulual 
cardies  and  flattery,,  and  after  fecuring  my  notice  and  regard, 
he  would  addrefs  the  dog  in  fome  degree  of  complaifance,  and 
hy  words  and  actions ;  and  if  he  could  obtain  accels  to  him, 

.would  tickle  him  with  his  bill,  jump  upon  him,  and  compofe 
hirofelf  for  a  little  while.  It  was  evident,  however,  that  this 
feeaiing  fuciability  was  mere  artifice  to  gain  an  opportunity  to 
-pra&ice  fome  mifchievous  trick,  lor  no  looner  did  he  perceive 
the  old  dog  to  be  dozing,  than  he  would  be  fure  to  pinch  his 
lips,  and  pluck  his  beard.  At  length,  however,  thefe  bold 
and  hazardous  achievments  had  nearly  coft  him  his  life,  lor 
one  time  the  dog  being  highly  provoked,  he  made  lo  ludden 
and  fierce  a  fnap,  that  the  crow  narrowly  efcaped  with  his 
head.  After  this  Tom  was  wary,  and  ufed  every  caution  and 
deliberation  in  his  approaches,  examining  the  dog's  eyes  and 
movements,  to  be  fure  that  he  was  really  alleep,  and  at  laft 
would  not  venture  nearer  than  his  tail,  and  then  by  flow, 

,»  ,,  3  filent, 
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iilen  1,  and  wary  fleps,  in  a  tideways  or  obliq-ue  manner, 
Spreading,  his  legs  and  reaching  forward.  In  this  petition  he 
would  pluck  the  long  hairs  ot  the  dog’s  tail.  But  he  would 
always  take  care  to  place  his  feet  in  fuch  a  manner  to  be  ready 
to  Bart  oft  when  the  dog  was  roufed  and  fnapped  at  him. 

It  would  be  needlefs  (obferves  my  ingenious  friend  in  the 
conclufion  of  this  entertaining  account  of  the  crow)  to  re¬ 
count  inftances  of  this  bird’s  underftanding,  cunning,  and 
operations,  which  certainly  exhibit  inconteflible  demonltrations 
ol  a  regular  combination  ot  ideas,  premeditation,  reflection,  and 
contrivance,  w'hich  influenced  his  operations. 


XL 

An  Account  of  the  Seiches  of  the  Lake  of  Geneva . 

By  M.  Vaucher  * . 

regular  rife  and  inhabitants  of  the  banks  ot  the  lake  ot  Geneva,  de¬ 

fall  of  the  lake  Agnate  by  the  name  of  feiches  certain  hidden  and  irregular 
feiches.  changes  which  take  place  in  the  level  of  the  waters  of  the 

lake,  and  have  no  relation  with  the  regular  and  annual  in¬ 
crease  produced  by  the  melting  of  the  fnow’s.  This  phe¬ 
nomenon  was  deferibed  at  the  beginning  of  the  laft  century, 
batio  de  Duilers  in  the  2nd  vol.  of  Spoil’s  Hiflory  of  Geneva; 
and  afterwards  by  Jalabert  in  the  Academy  of  Sciences; 
Serre  in  the  Journal  de  Savans,  Bertrand,-  and  by  De  Sauflure 
in  the  III  vol.  of  his  Travels  in  the  Alps.  But  though  feveral 
pf  thefe  philofophers  have  attempted  to  explain  the  fad,  as 
we  Dial l  hereafter  remark,  yet  no  one  has  coniidered  it  with 
precifion,  and  as  a  general  phenomenon.  The  editors  of 
the  Bulletin  des  Sciences,  from  whofe  excellent  flieet  I  take 
the  prefent  account,  have  followed  Mr.  Vaucher,  and  after¬ 
wards  prefent  the  different  explanations.  The  numerous 
obler  vat  ions  of  that  philofopher  have  led  him  4o  the  following 
general  refults. 

Particular  detail  1.  The  feiches  are  not  peculiar  to  the  lake  of  Geneva,  they 

they  are  ohferved  arTe  a^°  °^^erve^  *n  ^e  Lakes  of  Conflance,  Zurich,  Annecy, 
in  other  lakes.  Neuf-chatel,  and  in  the  lake  Major,  and  there  are  flron^ 
xeafons  to  think  that  they  exifl  in  moll  lakes,  though  they 
may  not  have  been  fufficiently  obterved. 

*  From  the  Bulletin  des  Science,  No. 
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2.  It  appears,  however,  to  be  true,  that  the  phenomenon 
is  more  remarkable  in  the  lake  of  Geneva  than  any  where 
elfe  that  it  has  been  obferved.  In  fail,  the  level  of  the  waters 
of  Leman  lake  have  been  feveral  times  obferved  to  rife  at  a 
given  place  in  the  courle  of  15  or  20  minutes,  three,  four, 
and  even  five  feet,  and  to  fubfide  fome  time  afterwards, 
whereas  the  dronged  feiches  obferved  in  other  lakes,  have 
been  four  or  five  inches  in  the  lake  of  Conflance,  eighteen 
lines  in  that  of  Zurich,  four  or  five  lines  in  that  of  Annecy, 
and  only  a  few  lines  in  the  lake  of  Neuf-Chatel  and  -lake 
Major. 

3.  In  all  thefe  lakes,  particularly  in  that  of  Geneva,  the 
feiches  are  mod  fend  ole  in  that  part  of  the  lake  which  is 
neared  the  outlet  of  its  waters.  Accordingly  they  are  no 
more  than  one  or  two  inches,  at  the  difiance  of  two  leagues 
from  Geneva,  and  at  the  extremity  near  where  the  lake  re¬ 
ceives  its  waters  the  feiches  of  the  lake  of  Geneva  are  not 
fironger  than  thofe  of  the  other  lakes  here  mentioned. 

4.  In  thefe  different  lakes  they  are  mod  fenfible  in  places 
where  the  lake  is  remarkably  narrow. 

5.  The  feiches  may  take  place  indifferently  at  all  feafons  of 
the  year,  and  at  any  hour  of  the  day;  but  in  all  the  lakes 
it  has  been  obferved,  that  they  are  more  frequent  in  the- day 
than  in  the  night,  and  in  the  fpring  and  autumn,  than  in  the 
winter  or  fummer. 

6.  It  has  been  obferved  in  particular  in  the  neighbourhood 
of  Geneva,  that  the  dronged  feiches  take  place  at  the  end  o! 
the  dimmer,  that  is  to  fay,  at  the  time  of  the  greatefi  elevation 
of  its  waters. 

7.  The  feiches  are  extremely  frequent,  but  they  are  ulually 
a  few  lines,  or  at  mod  only  a  few  inches,  in  which  cales  they 
cannot  be  perceived  without  exact  apparatus  to  obferve  the 
level  of  the  lake.  It  is  from  a  want  of  this  oblervation  that 
they  have  been  fuppofed  to  be  very  rare,  as  thole  feiches  only 
could  be  obferved  without  apparatus  which  varied  feveral 
feel . 

S.  The  feiches  take  place  without  any  agitation  or  motion 
of  undulation  or  current  in  the  furface  of  the  fluid. 

9.  Their  duration  is  very  variable,  feldom  exceeding  twenty 
or  twenty-five  minutes,  and  often  ranch  lefs. 
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But  aioft 
ftriklngly  in  the 
lake  Leman. 


More  confider- 
able  near  the 
place  of  efflux. 


and  where  the 
fhores  are  not 
far  afunder; 
they  happen  at 
all  times  and 
feafons ; 


but  mod  itrik- 
ingly  when  the 
waters  are 
higheft  j 


attended  with  n£> 
agitation, 

*  *«■ '  “  '  1 

and  do  not  laft 
long} 


10.  This 
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they  fecm  to  be  lo.  This  phenomenon  takes  place  in  all  temperature*,  bat 
twightof  Seat-  ‘n  genera^  d  refults  from  very  extenfive  tables,  that  the  fetches 
mofphere,  and  are  more  frequent,  and  more  extreme,  the  more  variable  the 

foreteUaW. C°  ^ate  atm°{phere.  Remarkable  variations  of  the 

barometer  have  been  obferved  to  correfpond  with  confiderable 
fetches,  and  it  is  an  opinion  generally  received  among  the 
fifhermen,  that  the  feiches  are  a  tign  of  change  of  weather. 
In  particular,  they  have  been  obferved  to  be  very  tfrong  when 
the  fu  n  comes  to  fhine  very  ftrongly  on  a  tpot,  a  fhort  time 
before  obfeured  by  a  thick  cloud. 

J 

Explanations  by  After  this  expofition  of  the  phenomenon,  fome  notion  may 
various  authors.  ^  formed  refpe<5ting  the  value  of  the  different  explanations. 

M.  Fatio  attributes  the  feiches  to  violent  gufts  of  wind  which 
drive  the  waters  into  the  narrowed  part  of  the  lake.  Mr. 
Jalabert  attributes  them  to  fome  fudden  encreafe  ol  the  Arve, 
which  falling  into  the  Rhone  at  a  fhort  difrance  from  the  lake, 
and  entering  the  river  at  a  confiderable  angle,  may  in  fact, 
fometimes  hop  itscourfe  for  a  fhort  period,  and  in  that  manner 
raife  the  waters  of  the  part  of  the  lake  nearelf  Geneva;  laftly, 
Mr.  Bertrand  thinks  this  phenomenon  to  be  oceationed  bv 
elecfrical  clouds  which  attract  the  waters  of  the  lake,  and 
produce  ofcillations  more  fenfible,  the  nearer  its  oppofite 
banks  may  be  to  each  other.  Without  dwelling  on  the  in¬ 
efficiency  of  thefe  three  hypothecs  to  account  for  all  the 
different  fa6ts  before  mentioned ;  Mr.  Vaucher  obferves, 
that  the  true  explanation  ought  to  be  two-fold ;  namely, 
general  in  order  to  (hew  the  caufe  of  thofe  left  confiderable 
feiches  which  are  oblerved  in  all  the  lakes,  and  over  the 
whole  of  their  furface  ;  the  other  muff  be  local,  and  explain 
why  this  phenomenon  is  much  more  fenfible  at  the  weffern 
extremity  of  the  lake  of  Geneva,  than  in  any  other  known 
place. 

Mr.  Vaucher  With  refpeft  to  the  firff,  Mr.  Vaucher  aferibes  it  to  the 

afcribes  them  to  frequent  variations  which  are  fenfible  in  the  weight  of  dif- 
atmnfpheric  _  0 

prefTure  a&ing  ierent  columns  of  the  atmofphere,  and  confequently  in  the 

more  ftrongly  on  preffure  it  exerts  on  different  points  of  the  furface  of  lakes  *. 

Iake^than°at  the  e  may  eafily  conceive,  that  if  the  weight  of  the  atmofpheric 

place  of  rife.  column  be  fpeedily  diminifhed  in  a  given  part  of  a  lake,  with- 

-  t  *  i  % 

*  This  caufe  was  befor<#indicated  concifely  by  De  Sauffure,  in 
his  firft:  vol,  of  Travels  in  the  Alps. 
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out  the  fame  thing  happening  over  the  relt  of  the  furface  ; 

;or  Hill  more  if  the  weight  thould  be  augmented  upon  that 
remaining  furface,  the  water  will  be  forced  to  rile  in  that 
laft  place,  and  will  again  defcend  when  the  atmofphere  fhall 
have  refumed  its  equilibrium.  It  is  knowm,  in  fa6t,  that  thefe 
variations  of  the  barometer  are  fo  frequent,  that  it  can  never 
be  faid  to  be  cxaCtly  ftationary  :  it  is  known,  t hat  they  cart 
be  produced  by  changes  of  temperature,  and  De  Sauflure  has 
calculated  that  a  diminution  of  three  degrees  in  the  column  of 
air  wdll  account  for  a  variation  of  0,85  of  a  line  in  the  ba* 
rometer.  It  is  known,  that  thefe  variations  are  mod  frequent  in 
mountainous  countries  in  autumn  and  in  fpring,  and  pievious 
to  ftorms,  circumftances  which  coincide  with  the  greater 
frequency  of  feiches  at  thofe  times.  This  general  caufe  tends 
to  explain  the  flight  variations  of  level  which  are  common  to 
all  the  lakes;  it  is  even  of  Inch  a  nature  as  to  be  applicable 
to  all  extended  furfaces,  and  it  is  therefore  probable,  that 
thefe  variations  of  level  likewife  take  place  in  the  fea,  inde¬ 
pendant  of  the  flux  and  reflux,  which  may  have  hitherto  pre¬ 
vented  their  being  obferved.  The  variations  in  the  weight  of 
the  atmofphere  may  perhaps  contribute  to  thofe  fudden  and 
local  elevations  of  the  waters  of  the  fea,  which  have  all  been 
jndiftinctly  confidered  as  of  the  nature  of  water-fpouts.  The 
fame  caufe  ought  likewdfe  to  act  on  rivers,  but  inftead  of  raifing 
or  diminifbing  their  level,  it  ought,  according  to  Mr.  Vaucher, 
to  produce  a  momentary  acceleration  or  retardation  of  their 
courfe;  an  oblervation  difficult  to  be  made,  and  not  hitherto 
attempted 

As  to  the  fecond  part  of  the  explanation,  namely,  that  which  —  and  he  fup- 

fhould  account  for  the  great  intenfity  of  the  phenomenon  at  P.n/C?  thf  gfeatef 
pit  rile  in  the  lake 

the  extremity  or  the  Leman  lake,  near  Geneva,  Mr.  V  aucher  of  Geneva  to  be 

recurs  to  twro  circumftances  peculiar  to  that  lake,  and  which  cau/e<i  Lvlts  Pe* 

are  found  in.  a  lefs  degree  in  thofe  of  Zurich  and  Conftance,  Cul*ar  fi4,ur£* 

where  the  feiches  are  mod  remarkable  after  thofe  of  the  lake 

of  Geneva;  namely,  the  contraction  of  a  lake  in  a  given 

place,  and  the  defcent  of  its  waters  towards  the  place  of  their 

difcharge.  With  regard  to  the  firft  of  thefe  circumftances,  it 

will  be  fuflicient,  if  attention  be  paid  to  a  chart  of  the  Leman 

lake,  to  fnew  that  it  is  very  remarkably  contra&ed  at  its  weft- 

ern  extremity,  fo  that  at  half  a  league  diftance  from  Geneva, 

it  has  not  one  third  of  the  breadth  of  that  before  Thonon,  Now 

we 
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we  may  compare  a  lake  of  this  form  to  a  fy phon  full  of  water* 
of  which  the  branches  fliould  very  much  differ  in  diameter; 
and  it  will  be  evident  that  if,  for  example*  their  inequality 
being  as  fourteen  to  one,  the  fmallell;  branch  fliould  fuddenly 
receive  by  the  augmentation  of  the  atmofpherc  a  furchargc 
£qual  to  that  which  deprelfes  the  barometer  one  line,  it  would 
fall  14  lines,  and  the  water  which  would  be  driven  into  the  great 
branch  would  raife  its  iurface  only  one  line;  whereas,  on  the 
contrary,  a  turchgrge  which  fliould  deprefs  the  level  of  the 
.great  branch  only  one  line,  would  raife  it  for  a  moment  four¬ 
teen  in  the  (mailer.  1  he  eflect  would  be  double  if  at  the  fame 
time  the  weight  of  the  atmofphere  fliould  diminifli  on  one  of 
the  branches,  and  encreafe  on  one  of  the  other.  We  may 
therefore  admit  that  in  lakes,  the  breadth  of  w'hich  is  remark¬ 
ably  con tracted  in  (ome  part,  the  influence  of  the  variations  of 
the  atmofphere  to  produce  feiches  will  be  greater  in  the  narrow 
than  in  the  wide  part. 


And  alfo  by  cir. 
cumftances  at¬ 
tending  the 
ft  iwing  off  of 
the  waters. 


Singular  appear¬ 
ance  which 
fometimes  occurs 
that  the  furface 
of  the  lake  is 
jnrtly  fmooth 
and  partly  agi- 
Sgrcd. 


A  like  eflect  will  take  place  according  to  Mr.  Vaucher,  by 
reafon  o(  the  inclination  obfervable  in  that  part  of  the  furface 
o(  the  lake  near  the  place  where  it  difeharges  its  water.  He 
remarks  that  every  particle  of  a  liquid  on  a  flope  may  be  con- 
fidered  as  foliciled  by  two  forces;  one  which  tends  to  raife  it 
to  the  level  of  the  fuperior  part  of  the  flope  or  the  refervoir, 
and  the  other  which  urges  it  in  the  direftion  of  the  current. 
If  by  the  fudden  depreflion  of  the  fuperior  fluid  the  current 
be  for  a  moment  fupprefled,  the  parlicle  will  no  longer  find 
jffelf  urged  but  by  the  firfl  of  thefe  forces,  and  will  rife  to¬ 
wards  its  ancient  level,  ai>d  foon  afterwards  defeend.  Now, 
as  we  have  before  feen,  ail  the  parts  of  lakes  which  have  very 
perceptible  feiches  have  a  remarkable  flope;  this  flope  is  natu¬ 
rally  more  confiderable  at  thole  times  of  the  year  when  the 
waters  are  higheft,  and  thefe  are  the  periods  when  the  feiches 
are  moft  flriking  in  the  neighbourhood  of  Geneva. 

Independent  of  the  phenomenon  of  the  feiches,  the  lake  of 
Geneva  and  moft  other  lakes  afford  two  other  lingular  pheno¬ 
mena;  the  one  is  known  by  the  fifhermen  of  the  Leman  Jake 
by  the  name  of  fontames.  [  his  takes  place  when  the  furface 
of  the  lake,  in  Head  of  being  uniformly  calm  or  uniformly  agi¬ 
tated,  is  feen  to  have  certain  parts  calm  and  certain  parts  agi¬ 
tated,  which  are  often  mixed  among  each  other  in  a  thousand 
manners,  and  always  very  diftmcL  This  fact  lecms  to  indi¬ 
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tate  the  different  atmofpheric  columns,  though  very  near  each 
other,  may  tome  of  them  be  agitated  and  others  calm.  This 
appearance  of  the  furface  of  the  lake  is  confidered  by  the 
bfhermen  as  a  fign  of  rain. 

The  fecond  phenomenon  of  which  Mr.  Vaucher  (peaks.  Another  phe- 

confids  in  certain  fonorous  didant  explofions  or  noifes  wljich  ®omenon  refem- 

.  ,  bling  the  diftant 

refemble  thofe  ot  the  difcharge  ol  artillery,  and  are  lomettmes  n0Ife  of  artil- 

heard  in  the  fine  dimmer  evenings.  This  phenomenon  is  rare, dery.  ' 

but  is  neverthelefs  affirmed  by  feveral  inhabitants  near  the  lake 

of  Geneva.  It  alio  takes  place  in  the  lake  of  Zurich  accord* 

ing  to  Mr.  Efcher,  and  in  that  of  Baikal  according  to  that  of 

Mr.  Patrin.  Mr.  Efcher  afferts  that  half  or  three  quarters  of 

a  minute  after  having  heard  one  of  thcfe  noifes  he  faw  a  bubble 

of  air  about  a  foot  in  diameter  rife  out  of  the  lake  of  Zurich. 


Annotations.- — W.  N. 

It  does  not  feem  to  me  that  any  of  the  caufes  yet  pointed  out  Obje&ionstothc 
are  fufficient  to  account  for  the  effedf  of  the  (eiches.  Sudden  ^leor^es  whl^ 
or  drong  blatls  of  wind  could  fcarcely  operate  in  this  way  fo  refpe&ing  the 
partially  as  that  the  exidence  of  fuch  (quails  fhould  not  at  the  faiches, 
fame  time  have  fixed  the  attention  of  the  common  people  as 

/  j 

well  as  of  the  more  accurate  obfervers  who  have  noticed  thefe 
changes.  It  is  perhaps  equally  difficult  to  fuppofe  fuch  un¬ 
heeded  variations  to  take  place  in  the  Arve  (efficient  to  account 
for  thefe  very  remarkable  changes  in  the  lake.  Mr.  Bertrand’s 
electrical  hypothefis  refers  us  to  a  clafs  of  appearances  too  little 
tinderfto.od  to  be  admitted,  otherwife  than  in  the  way  of  loofo 
conje&ure  ;  bedcles  which,  it  mud  be  remarked  that  the  agency 
of  electrical  clouds  is  much  more  generally  directed  to  moun¬ 
tains  than  to  the  valleys  in  which  lakes  mud  neceffarily  have 
fheir  fituation.  Much  ingenuity  isladly  fhewn  by  Hr.  Vaucher — particularly 

in  his  explanation,  which  neverthelefs  requires  us  to  admit  of^at^  ‘\Ir* 

1  .  .  *  Vaucher  s  of 

atmofpheric  columns  confiderably  differing  in  weight  and  oc-  atmofpheric 
cupying  very  (mall  extent  of  fur  face.  if  this  be  even  admit- Pre^ure* 
ted  as  poffible,  yet  drong  doubts  may  furely  be  entertained  as 
toils  probability.  It  appears  to  me  that  the  object  in  quedion 
admits  of  an  eafy  dilution  upon  other  principles,  and  alfo  that 
his  explanation  is  grounded  on  podtions  not  confident  with  the 
known  laws  of  ftaties. 

This  ingenious  author  affumes  as  the  conditions  of  his  ge-  Recapitulation 

ueral  theory  that  the  lake  thouid  confid  of  two  portions  «f  his  fa&s  and 
J  f  deductions. 

water. 


20i 


SEICHES  OF  THE  LAKE  OF  GENEVA# 


No  atmospheric 
change  can  make 
a  greater  alter¬ 
ation  in  the  lake 
than  the  corref- 
pondent  rife  and 
fill  of  a  water 
barometer, 
which  is  much 
iefs  than  really 
takes  place. 


Another  theory 
ottered  ;  tfiat  the 
tenches  depend 
a  together  on 
toe  rapidity  of 
fupply  and  faci¬ 
lity  of  difeharge. 


Ttis'effed  is 
feei)  in  brooks 
and  mill- ponds* 


water,  one  much  more  extenfive  than  the  other,  and  connected 
by  a  narrower  portion  or  gut.  He  then  ftates  that  if  the  at- 
mofpheric  preflu  re  be  greater  upon  the  larger  fur  face  than  on 
the  (mailer,  the  firft  will  be  deprefied  and  the  latter  will  rife, 
and  that  the  difference  of  elevation  in  each  furface  occafioned 
by  the  parting  of  any  given  quantity  of  water  will  be  greater 
the  fmaller  the  furface. 

This  is  very  true;  but  it  can  in  no  cafe  happen,  that  the 
difference  between  the  level  of  one  water  and  the  other  can 
amount  to  a  greater  quantity  than  that  of  a  water  barometer, 
by  a  like  change,  namely,  about  fourteen  lines  for  every  line 
of  variation  in  the  common  barometer.  That  is  to  fay,  if  the 
barometer  were  to  rife  and  fall  again  through  half  an  inch,  in 
the  fliorttime  of  a  feiche,  which  I  believe  fcarcely  if  ever  hap¬ 
pens,  the  feiche  itfelf  could  not  rife  above  (even  inches.  The 
whole  range  of  variation  in  the  barometer  could  only  caufe  a 
rife  of  three  feet  and  a  half  in  Read  of  five  which  fometimes 
happens. 

I  would  venture  to  conjefture  that  this  phenomenon  is  one 
among  the  numerous  ofcillatory  precedes  which  take  place 
when  two  variable  natural  powers  are  oppofed  to  each  other 
in  the  production  or  modification  of  any  event.  Moft  fmall 
Lakes  are  formed  by  the  enlargement  of  a  river,  by  which  the 
fake  isfupplied  at  one  end  and  evacuated  at  the  other.  The 
quantity  of  water  in  the  lake  itfelf  w  ill,  in  thefe  circumrtances, 
be  always  more  than  would  be  fufiicient  to  fill  its  capacity, 
taken  from  the  level  of  the  lowed:  point  of  difeharge.  How 
much  more  it  may  be  than  this  quantity  will  depend  upon  the 
ftreams  which  enter  and  pafs  out.  An  increafe  in  the  quantity 
of  fupply  will  keep  the  level  higher,  and  fo  likewife  will  any 
increate  in  *he  obstacles  to  its  flowing  off';  and  on  the  contrary, 
if  the  fupply  be  diminifhed,  or  if  the  facility  of  difemboging 
be  encreafed,  the  level  will  be  deprefled.  Thefe  effe&s  will 
take  place  moft  ftrikingly  at  firft  at  that  end  of  the  lake  where 
the  efficient  caufe  operates.  When  any  change  has  once  taken 
place,  fuch  as  that  of  the  depreftion,  it  will  continue  for  a 
fliort  time  after  the  caufe  hasceafed  to  act;  fo  that  the  depref- 
fion  would  itfelf  be  followed  by  a  rife,  even  if  the  circum- 
ftances  which  caufed  it  were  not  alfo  fubjeft  to  a  like  variation. 
Changes  of  this  kind,  on  a  tmall  fcale,  are  obfervable  in  mill- 
dams,  and  even  in  the  tmooth  places  in  brooks  or  rivulets,  as 
«  /  may 
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may  be  obferved  by  taking  notice  of  fome  part  of  the  bank 

where  a  gently  riting  land  may  render  the  changes  of  level 

more  confpicuous.  The  variablenefs  of  the  weather  at  the  It  muft  be  more 

Ipring  and  autumn,  by  oe'eaftoning  more  frequent  changes  in  fp^g^dau? 

the  quantities  of  water,  and  confequently  in  the  Hate  of  the  tumn. 

rivers  above  and  below  the  lakes  in  quefbon  muft  render  the 

feiches  more  frequent  and  extreme  at  thefe  times.  They  will 

alfo  be  mod  evideut  at  the  ends  of  a  long  lake;  and  the  other 

circumftances  will  be  modified  by  events  that  for  the  moll  part 

would  require  to  be  afeertained  by  observations  of  the  local 

circumftances  and  events  on  the  fpot. 

The  diftin6t  portions  of  tough  and  fmooth  furface  called  The  diftin£l 

fontuincs ,  which  are  obferved  on  the  lakes,  are  very  ftrikingly  and 

feen  at  fea  whenever  a  breeze  fprings  up  after  a  dead  calm,  rough  furface  on 

This  effe<5l  is  Very  remarkable/  and  may  perhaps  be  accounted  lake  are  very 
/  •  •  i  i  ,  .  •  J  r  •  r  .  ulual  at  fea  alter 

for  on  the  Itippofition  that  the  incipient  motions  of  the  air  mav  a  calm. 

be  attended  with  eddies  that  may  a6t  more  ftrongly  on  one  part 
ol  the  luriace  than  another.  This  however  does  not  feem  re- 
concileable  with  a  certain  fteadinefs  of  appearance  with  which 
the  fmooth  and  rough  furfaces  continue  diftinct  from  each  other 
for  certain  lengths  of  time.  l  am  not  much  falisfied  with  the 
conjefikire  -which  offered  itfelf  to  me,  or  which  may  have  been  , 

mentioned  by  fome  other  perfon  when  I  was  at  fea  many  years 
ago:  but  it  at  leaft  deferves  to  be  noticed  here.  Jt  is  well 
known  that  the  wind  fcarcely  takes  hold  of  water  which  is 
covered  with  any  oily  film,  and  from  the  experiments  of  Frank¬ 
lin  and  others  vve  have  learned  that  a  Tingle  drop  of  oil  wiil  Suppofed  to  arife 

rapidly  Ipread  over  a  large  furface  of  water,  and  caufe  all  the  hon?  01b  ™atter‘- 
•  •  r  ,  .  ,  .  ..  ..  ,  on  the  furhice  ot 

tmall  primary  waves  to  lubhcle,  rendering  the  luriace  extremely  the  water, 

Imooth.  It  icemed  to  me  not  unlikely  that  oily  matter  from 

animal  remains  might  rife  to  the  furface  of  the  fea  during  a 

calm  and  fpread  itfelf  irregularly  over  certain  parts,  which 

would  continue  fmooth  for  a  confiderable  time  after  the  light 

commencing  breeze  had  ruffled  the  other  parts.  I  think  from 

rccoll«51ion  that  this  appearance  could  not  have  lafted  more 

than  a  quarter  of  an  hour;  but  it  is  Very  common,  and  I  often 

few  it.  May  not  a  iimilar  caufe  produce  the  appearance  in —of  the  lake.;  . 

the  lake  of  Geneva.  !  .  . .  .  a^°* 

The  fonorous  reports  refembling  difeharges  of  artillery  feem  Thefonorous 
very  likely  to  arife  from  the  extrication  of  gas  at  the  bottom  reports  refem- 
of  the  water,  wlfteh  rife  s'  arid  breaks  at  the  furface,  I  have  fuppVfed  to^e 

H0  made  by  gafes. 
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Remarkable  ef¬ 
fect  of  agitation 
in  water,  pro¬ 
duced  by  air 
blown  flowly 
through  the 
lungs  at  the 
depth  of  feveral 
feet  beneath  the 
fur face# 


•fi  r. 


no  remark  to  mak-e  on  this  fubjefl,  but  advert  to  it  principally 
with  a  view  to  mention  an  eife£t.  not  generally  known,  but 
calculated  to  fhew  the  agitation  which  a  fmall  quantity  of  af- 
cemling  air  can  produce  in  water.  If  a  fwimmer  nil  his  hings 
with  air  by  inhaling  as  much  as  poflible,  and  then  dive  down 
or  deicend  into  the  water  to  the  depth  of  fourteen#  twenl  v  or 
more  feet,  and  when  at  that  depth  llowly  blow  lire  air  out  of 
his  mouth,  he  will  himfelf  hear  a  roaring  node,  and  the  -fpec- 
tators  will  fee  with  furprife  the  fur  face  of  the  water  raifed  into 
a  round  or  conical  mats  about  a  yard  in  height,  with  the  water 
flowing  round  on  all  tides  over  a  iurface  of  (even  or  eight  fqaare 
feet.  I  have  little  doubt  but  that  the  noife  of  this  nfing  co¬ 
lumn  of  water  with  the  breaking  of  the  bubbles  of  air  would 
be  very  remarkable  in  one  of  the  dill  evenings-  or  nights  of 
fummer,  when  the  effeft  of  noifes  is  remarkably  more  im- 
preffive  than  when  the  louder  founds  of  the  day  render  them 
lefs  obfervable,  and  in  many  inftances  altogether  inaudible. 
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Experiments  to  of  certain  the  befi  Colour  for  marking  the  Heads  of 
Pieces  of  Cotton  or  Linen  in  the  rough ,  which  fall  be  capable 
of  reffiing •  the  Operations  of  Bleaching,  as  wdl  as  the  mofi 
complicated  Procejfes  of  Calico  Printing ,  without  fp reading 
beyond  the  Limits  of  the  ImpreJJion.  •  By  Mr.  HaUFf'manN.* 
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Properties  re-  order  that  a  Colour  may  be  proper  to  matk  piece  o-oods 

marking1  colour^  of  everr  kit,(l  il  is  fequifile  that  it  (liould  contain  no  fubfiance 
or  ink,  or  caPable  of  folution  in  alkalies;  it  is  equally  neceflafy 

that  its  component  parts  fliould  not  become  w’hite  by  o>fygena-" 
tion,  and  that  they  fliould  remain  infoluble  in  acids fufficiently 
ftrong  for  the  bleaching  prooeffes,  as  well  as  for  the  operation* 
antecedent  to  the  calico  printing.  '  .r- 

Oil  colours  are  Colours  ec>mpofed  of  drying  oil  cannot  therefor^,  as  I  have 

yieldw^lkalie^  fourtc^  ke  ufeful  in  thefe  kind'of  marks,  becaufe  they  are  not 
only  attacked  by  alkaline  and  f6ay>y  liquids,  but  likewife  be¬ 
caufe  they  dry  flowly,  and  by  fpreading  beyond  the  limits  of 
impreflion,  very  often  occaflnn  fpots< 
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marking  colour  for  linen,  &c.  . 

If  the  colours  of  fpirituous  varnifhes  were  Rot  iubjeft  to  the  ^ armln  colnu[s 

.  .  „  r  .  I  ,  i  are  equally  faulty 

inconvenience  of  too  fpeedy  evaporation  and  drying  they  would  in  thjs  refpe<^. 

be  inadmidible  on  another  account,  namely,  that  the  turpentine 
and  refins  are  eafily  converted  into  toap.  Gum  copal  is  equal-  Copat  yields  to 
ly  unfit  for  marking  colours,  becaufe  it  quits  the  piece  by  b0jling watcr‘ 
iimple  ebullition  in  water.  But  as  the  varnifh  which  I  have 
made  defends  veflels  of  copper  or  any  other  metal  from  the 
a6lion  of  acids  of  a  certain  drength  as  well  as  from  that  ot  the 
atmolphere,  I  have  thought  it  might  not  be  unacceptable  to 
deferibe  its  compofition  in  this  place.  To  obtain  this  varnifh  Procefs  format- 
from  copal  as  pale  and  as  dear  as  water,  this  gum  muff  be  re- 
duced  to  very  fine  powder  and  expofed  with  twelve  parts  of  powder  is  dif- 
the  fineff  oil. of  turpentine  for  leveral  days,  or  until  it  fliall  be  by  heat 
completely  diffolved  at  a  moderate  heat  on  a  fand  bath  in  a  in  oil  of  turp«n- 
capfule  of  brafs,  done  vva fet  or  porcelain,  taking  care  to  ffir  tine’ 
it  as  often  as  pofiible  with  a  rod  ot  glafs.  At  the  moment 
when  the  confidence  of  fyrup  begins  to  take  place,  the  entire 
folution  of  the  copal  is  effe&ed  by  agitation,  particularly  if  a 
fmall  quantity  of  oil  of  turpentine  be  added  from  time  to  time 
to  fuppiy  the  lofs  by  evaporation.  Three  fourths  of  the  oil  of 
turpentine  which  is  loft  by  evaporation  when  open  veflels  are 
ufed,  may  be  faved  by  performing  the  procefs  in  a  long  necked 
mattrafs,  which  is  to  be  expoled  on  a  fand  bath  a  fufficienP 
time  to  complete  the  folution  of  the  copal,  and  (baking  it  very 
often.  The  varnifh  obtained  by  either  of  thefe  methods  be¬ 
comes  yellowifh  if  the  heat  be  urged  too  ffrongly;  and  as  by 
its  too  glutinous  confidence  it  would  be  difficult  in  its  applica¬ 
tion,  it  is  convenient,  indead  of  diluting  it  with  oil  of  turpen-  The  copai  var- 
tine,  to  mix  it  with  one  fourth  or  one  fifth  part  of  its  weight  of 
alcohol,  taking  care  not  to  ufe  too  much,  becaufe  an  excefshol. 
would  render  it  of  a  milky  white  by  the  precipitation  of  part 
of  the  copal,  which  cannot  admit  in  its  folution  more  than  a 
certain  quantity  of  alcohol  without  precipitating.  Veflels  of  Metallic  veflels 
brafs  or  of  any  other  metal  may. receive  one,  two,  or  three  baked  upoTj 
coatings  of  this  varnifh,  and  mud  be  each  time  well  dried  in  them  may  be 
the  oven.  After  this  treatment  they  may  be  wafhed  with  boil-  ^ "vater" '.tun¬ 
ing  water  without  injury,  and  may  even  be  expofed  to  a  (till  out  injury, 
greater  heat  without  the  varnifh  coining  off;  but  thefe  veflels 
mud  not  be  rubbed  with  fand  or  other  hard  bodies. 

By  means  of  oil  of  turpentine,  which  evaporates  and  dries  An  oily  com- 

lefs  fpeedily  than  alcohol,  I  fucseeded  in  making  a  black  com-  fng^nMsmd^" 

pofition  oi:her  goods. 


208  MARKING  COLOURS  FOR  LINFN,  &C. 

pofition,  which  I  expected  might  be  ufed  with  advantage  ira 
marking  piece  goods.  For  this  purpofe  nothing  more  is  need¬ 
ful  tlian  to  dilfolve  (lowly  on  the  (and  bath,  and  with  conftant 
agitation.  One  fourth  o(  its  weight  of  afphallum  or  bitumen, 
judaicum  wdl  pounded,  and  afterwards  to  mix  as  much  lamp 
black,  or  any  other  dark  coloured  mineral  in  fine  powder, 
iuch  as  black  lead,  galena,  or  the  like.  This  colour  may 
be  had  more  or  lefs  thick,  by  due  proportions  of  the  oil 
of  turpentine  and  bitumen ;  it  prints  very  well  without 
running,  if  the  proper  proportions  be  attended  to,  and  a 
little  oil  of  turpentine  be  added  when  it  becomes  too  thick. 
This  bituminous  colour  fupports  the  aCtion  of  alkalies  and 
of  oxigen  very  well,  and  refills  all  acids  ot  moderate 
flrength. 

As  I  thought  it  unneceflary  to  continue  my  experiments  on 
oil  colours,  I  made  my  experiments  on  watery  compounds  in 
the  following  order. 

.  •*  «  ,  . 

SeSlion  I, 


Flrft  marking 
procefs.  An  im- 
pretfion  is  made 
of  a  folution  of 
l'ulphate  of  man- 
ganefe  thickened 
with  gum,  and 
covered  with 
lamp  black,  the 
cloth  being  then 
dipped  in  alkali, 
the  manganefe 
precipitates  in 
brown  oxide 
which  affords. a 
mark  not  to  be 
diicharged  by 
bleaching,  or  by 
the  printing 
precedes. 


I  diffolved  in  four  ounces  of  water  one  ounce  of  the  fulpbate 
of  Manganefe  without  its  water  of  cryftallization  ;  that  is  to 
fay,  it  was  in  the  (fate  St  poflefles  when  oxigen  gas  is  pro¬ 
cured  from  the  black  oxide  of  manganefe,  by  means  ot  the 
(ulphuric  acid,  and  by  railing  the  heat  to  ignition  at  the  end 
of  the  procefs.  This  folution  was  thickened  with  one  dram 
of  fine  gum  adragan  in  powder,  and  coloured  with  lamp 
black,  in  order  to  difiinguifh  exactly  the  imprelfion  which 
may  be  ealily  made  with  this  black  (aline  metallic  mafs,  of 
which  fieverthelefs,  we  cannot  make  effective  ufe  without 
plunging  the  end  of  the  marked  piece  into  an  alkaline  ley, 
taking  care  that  it  (hall  not  firlt  be  wetted  with  water,  which 
would  carry  off  the  faline  matter.  The  ley  may  be  made 
with  potalli  or  foda,  in  the  proportion  of  one  part  alkali  to 
nine  or  twelve  parts  water.  It  may  be  ufed  in  the  date  ot 
carbonate,  or  rendered  cauftic  with  half  a  part  of  quick  lime. 
The  precipitation  of  the  oxide  of  manganefe  from  the  marks 
by  either  of  thefe  alkaline  folutions  will  take  place  (exclutive 
of  the  ftain  from  the  lamp  black)  ot  a  yellowith  white  colour, 
which  will  become  more  and  more  brown  by  attracting  the 
oxigen  of  the  atmofphere.  The  change  of  thefe  marks  to 
the  brown,  and  even  to  a  deeper  colour  inclining  to  black. 

Will 
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will  take  place  very  fpeedily  by  bleaching  with  the  oxigenated 
alkaline  muriatic  ley,  the  pieces  of  which  the  ends  have 
been  plunged  for  a  few  minutes  in  the  alkaline  as  before  pre¬ 
scribed.  Thefe  marks  of  the  brown  oxide  of  manganefe 
rehfl  not  only'  all  the  bleaching  materials,  and  all  acids  of  a 
requitite  force,  but  like  wife  the  mod  complicated  procefs  or 
manufacture  of  calico  printing. 


ultSl 


SeSlion  II. 

If  the  acetic  acid  had  not  a  much  ftronger  affinity  with  The  acetate  of 
manganefe  than  it  has  with  iron,  and  if  it  difengaged  it-  ^Tb^ufed  with* 
felt  as  readily  from  the  acetate  of  manganefe  as  it  does  out  the  fame 
from  the  acetic  folution  of  iron  by  evaporation  and  drying,  ^Xas^Us^more 
we  tliould  be  able  to  procure  indeliable  marks  in  the  moil  coftly  itmuft  be 
Simple  manner,  by  depofiting  the  oxide  of  manganefe  on  rTc<^ed* 
piece,  goods  by  means  of  the  acetic  acid,  and  afterwards 
Simply  leaving  the  oxide  to  the  attradlion  and  Saturation  of 
oxigen  from  the  air.  The  acetic  folution  of  manganefe  is  very 
readily  obtained  by  mixing  a  proper  quantity  of  acetate  of 
lead  in  a  folution  of  fulphate  of  manganefe.  But  as  this 
acetic  folution  affords  no  advantage  in  marking  piece  goods 
beyond  thofe  of  the  fulphate  of  manganefe,  and  as  it  requires 
precifely  the  fame  management  as  that  deferibed  in  the  laft 
Section,  and  it  is  like  wife  more  expend  ve,  it  defer  ves  to  be 
rejected. 


hum  cilia 

v.il  oLiitf 
n>  ;:at 
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Section  III. 

Two  ounces  of  fulphate  of  magnefia  diifolved  in  eight  Sulphate  of 
ounces  of  the  acetic  folution  of  iron,  concentrated  to  the  point  ma!?g.ane?-  With 
indicated  by  twenty  degrees,  afford  when  thickened  with  treated  as  before, 
one  fortieth  part  of  gum  adraquack,  a  deep  yellow  liquor It:  .dV?s  more 
which  becomes  more  and  more  brown,  when  treated  ab¬ 
solutely  in  the  fame  manner  as  deferibed  in  the  firfi  paragraph. 

The  acetic  folution  does  not,  however,  afford  any  other 
advantage  but  that  of  caufing  the  marks  to  dry  a  little  more 
fpeedily ;  for  the  oxide  of  iron  diffolves  in  acids  accordingly, 
as  it  is  oxigenated.  I  give  the  preference  to  gum-adragant 
for  thickening  colours,  to  other  gums  and  to  ftarch,  becaufe 
thefe  fubftances  weaken  the  colours  too  much ,  if  however, 
there  fhould  be  any  objedtion  to  gum-adragan  in  coarfe  goods; 

Parch  may  be  then  ufed. 

Vql,  XII. — November,  1805.  P  Seftion  IV. 
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Sea  ion  IV. 


non 


Mirks  printed  If  care  be  taken  in  the  procefs  of  difengaging  oxigen  gas 

TxidVot  n  Jn-  ^r(>m  a  m'xtUfe  die  black,  oxide  of  manganefe  and  tulphuric 
ganefe  obtained  acid,  not  to  carry  the  fire  to  ignition,  the  faline  refidue  re- 

fcfi'du!l  MphaK, 01311,5  t),aiy  n>v  jpftgftd  becoming  ydlowilh  white  by  firong 
afford  fixed  heat.  When  this  refidue  is  diflblved  in  water,  it  leaves 
marks  b>  hmple  behind  it  an  oxide  ot  a  deep  grey,  which  acquires  a  very 
pa  fly  confidence  on  the  filfre.  This  oxide  mixed  with  a  very 
little  water  thickened  with  gura  adragant,  may  be  ufed  to  print 
mtarks  of  3  very  deep  grey,  which  . dries  fpeedily ;  and  this 
colour  does  j>ot  wath  out  with  water,  even  though  the,  tub- 
fequent  dipping  in  an  alkali  be  omitted.  It  is  lo  fixed  that 
it  not  only  fppporls  the  adion  of  all  acids  of  the  manufactur¬ 
ing  hrengttp,  but  likevvife  all  the  bleaching  and  printing 
procefies  without  attracting  the  colouring  matter  of  any  dye 
whatever. 
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Sea  ion  V. 


/JiJnfiu: 


tin  to 
in g  oxide, 
affords  ad)e. 


Addition  of  the  If  there  were  no  reafon  to  fear  injuring  in  a  flight  degree 
mtro  murine  of  tjie  p]ace  w]iere  the  mark  is  made,  it  would  be  advantageous 
It  to  employ  equal  parts  of  the  laft  deferibed  grey  pafte,  and 
of  a  nitrq  muriatic  folution  of  tin,  containing  one  fourth  part 
qf  the  metal,  and  thickened  with  gum-adragath.  1  his 
colour  is  as  unalterable  as  that  of  the  fourth  fetlion  ;  and  it 
has  the  additional  advantage,  that  its  oxide  of  tin  being  la- 
turated  with  oxide  of  oxigen,  attracts  the  colouring  parts  of 
any  tindure,  and  acquires  a  puce  colour  by  madder.  I  mufl 
oblerve  on.  this  occafion,  that  by  the  fame  madder  dye,  the 
colours  of  marks  from  the  oxide  of  manganefe  faturated  with 
oxigen,  become  of  a  deep  puce  colour,  inclining  to  black, 
'  ‘whereas  in  a  Id's  oxigenated  hate  they  acquire  fainter  (hades. 
In  all  thefe  circumftances  however,  it  is  requilite,  that  the 
quantity  of  metallic  oxide  fhould  be  as  great  as  polTible,  other- 
wife  the  (hades  will  be  various,  and  Ids  intenle. 


Experiment* 
with  the  pie- 
cipitate  of  min- 
g.mefc  and  folu¬ 
tion  or  iron. 


Sea  ion  VI. 

As  many  infoluble  metallic  oxides  acquire  the  property  of 
adhering  to  huffs  by  means  of  acid,  I  did  not  fail  to  try  whether 
(he  fame  would  be  the  cafe  with  the  precipitate  of  manganefe 
laturatcd  with  oxigen.  For  this  purpofe  I  ditlblved  one  part 

qf 
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of  lulphate  of  manganefe  in  fix  parts  of  water,  and  precipi-  Experiments 
tated  the  metal  by  adding  to  the  point  of  faturation  a  caufiic  'vv‘t.'‘  thePre_ 
alk.aline  ley,  made  with  half  a  part  of  quick  lime,  four  parts  ganefe  and 
of  water,  and  one  part  of  calcined  potafh  of  the  fhops.  The  f°^ut‘on  of  iron* 
precipitate  was  yellowifh  white.  To  the  whole  aqueous  mafs 
I  then  added  a  tuffieient  quantity  of  oxigenated  muriatic  alka¬ 
line  ley,  until  the  precipitate  was  completely  faturated  with 
oxigen,  and  its  brown  colour  became  no  deeper.  I  afterwards 
colle&ed  on  a  filtre  the  precipitate  or  brown  oxide  of  manga- 
nefe,  where,  by  the  drainage  of  its  water,  it  became  pally. 

This  brown  pafte,  mixed  with  half  its  weight  of  the  mod  con¬ 
centrated  acetic  acid  no  longer  afforded  any  but  a  weak  bro'wn- 
ifh  (bade;  it  was  the  lame  with  a  /mail  addition  of  one  or  the 
other  of  the  three  ancient  mineral  acids  in  a  bate  of  folation. 

I  did  not  fucceed  better  by  mixing  one  part  of  the  fame  brown 
pafte  with  an  equal  quantity  of  the  acetic  folution  of  iron, 
marking  20°  of  the  areometer  of  the  faltpetre  makers  and 
thickened  with  gum  adraganth.  This  acetic  folution  of  iron 
containing  only  the  quantity  of  oxigen  neceffary  for  the  folu¬ 
tion  of  the  metal  ceafed  by  a  ftronger  affinity,  the  excels  of 
oxigen  of  the  brown  oxide  of  manganefe,  which  in  its  turn 
became  diffolved,  and  the  mixture  of  the  two  metallic  folutions 
afforded  a  yellow  reddifli  very  deep  and  tranlparent  liquid, 
which  confirms  the  fact  that  a  metal  faturated  with  oxigen  re¬ 
quires  lefs  acid  for  its  folution  than  if  it  were  in  an  oppofite 
flute,  wild  that  being  then  furmfhed  with  an  excefs  of  acid,  the 
folution  faturated  with  oxigen  can  admit  a  portion  of  another 
metal  without  becoming  turbid.  This  mixed  folution  of  the 
two  metals  afforded  me  only  a  rufly  yellow  which  was  dif- 
charged  by  weak  fulphuric  acid  completely,  in  fomewhat  lefs 
time  than  was  required  to  take  out  a  ruff  fpot  in  a  lefs  oxigen¬ 
ated  bate.  In  order  to  obtain  from  the  mixture  of  thefe  two 
metallic  iolutions  an  indelible  marking  colour,  it  is  neceffary 
that  the  marks  fhoulcl  be  fteeped  for  feveral  minutes  in  an  oxi- 
genafed  muriatic  alkaline  ley,  to  precipitate  and  faturate  the 
oxigen  of  the  oxide  of  manganefe.  By  mixing  half  a  part  of 
the  brown  pafle  of  manganefe  to  two  parts  of  the  folution  of 
the  two  metals  the  new  portion  remains  untouched  and  renders 
the  whole  turbid.  This  turbid  mixture  left  only  a  light  brown- 
ifh  mark  on  piece  goods,  which  had  remained  long  in  the  di¬ 
luted  fulphuric  acid. 

% 
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The  muriatic  By  means  of  the  muriatic  folution  of  tin,  which  has  the 

folution  of  tin 

takes  up  the  ox- ProPerty  °*  taking  the  oxigen  from  many  vegetable,  animal, 

ides  ot  iron  and  and  mineral  lubflances,  and  which,  on  this  account,  is  very 
cn  ufeful  in  dying,  as  well  a»  in  calico-printing.  We  may  dif- 
colour  and  diffiolve  inftantly  the  deeped  oxide  of  manganefe 
and  of  iron,  which  proves  the  preponderating  affinity  of  tin 
towards  oxigen  beyond  that  of  manganefe  or  of  iron. 

N.  B.  There  is  no  reafon  to  objeCt  to  deeping  the  marked 
goods  in  an  alkaline  ley  ;  the  operation  is  fpeedily  made  with¬ 
out  fenfible  lofs  of  potafh  or  of  foda,  if  the  operation  of  lix¬ 
iviating  be  immediately  proceeded  upon,  for  which  the  re¬ 
mainder  of  the  ley  may  be  ufed.  And  generally,  if  the 
practice  be  ufed  which  has  been  adopted  for  a  number  of 
years,  of  rendering  the  alcalies  cauftic  with  quick-lime,* the 
facing  will  be  confiderable  and  with  better  effect. 


XIII. 

A  ote  on  the  Formation  of  Water  by  mere  CompreJJion ;  with 
Ref.e6tions  on  the  Nature  of  the  Electric  Spark .  By  M. 
Biot.* 

That  oxigen  1  V  was  fome  time  ago  that,  in  converfation  with  M.  Ber- 

may  unite5 by  thollet  on  the  nature  and  properties  of  heat,  I  communicated 

preflure.  to  him  the  perfuafion  I  had,  that  the  combination  of  hidrogen 

and  oxigen  gafes  might  be  determined  without  the  aid  of 
ele&ricify,  and  merely  by  a  very  rapid  compreffion.  This 
refult  appeared  to  me  a  confequence  fo  immediately  fol!owr- 
ing  the  obfervations  already  made  on  the  heat  difengaged 
from  air  by  compreffion,  that  I  thought  it  needlefs  to  afeertain 
it  in  any  other  manner.  But  having  fince  converfed  with  Mr. 
La  Place,  he  appeared  fo  inlerefted  as  ftrongly  to  urge  me  to 
a  verification.  I  therefore  made  the  experiment,  which  com¬ 
pletely  fucceeded.  It  was  made  in  the  cabinet  of  the  Poly¬ 
technic  School.  I  am  greatly  indebted  to  M.  Haffienfratz, 
profeffor  of  natural  philofophy  in  that  eftabliflnnent,  for  the 

'*  Read  to  the  National  Inftitute  of  France,  and  inferted  in  the 
Annales  dc  Chimie.  LIII.  321, 
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great  attention  he  paid  in  caufing  the  requifite  preparations  to 
be  made,  and  tor  his  pertorfal  affiftance  in  repeating  it. 

We  took  the  fyringe  of  an  air-gun,  the  bottom  of  which  ‘Experiment  in 
was  clofed  by  a  very  thick  glafs,  in  order  that  we  might  ob-  ^mgeof Trfair-* 
ferve  the  light  difengaged  as  ufnal  by  compreffion.  This  fy-  gun  filled  up  fo 
rihge  was  ot  iron  ;  it  had  a  cock  on  one  fide  to  introduce  the  as,t0  rcc?IVj  *1*® 
gates,  and  its  lower  extremity  on  the  fide  of  the  pifton  was  of  infpe&ion 
enveloped  by  a  cylinder  ol  lead,  futhciently  weighty  to  acce- 'nt01/!s^ham^er* 
lerate  the  fall  and  render  the  compreffion  more  rapid.  This  with  common 
apparatus  was  firft  tried  by  introducing  atmofpheric  air  ;  but  air» 
though  the  experiment  was  made  in  the  dark,  no  perceptible 
light  was  feen,  probably  becaufe  the  violent  motion  necefiary 
for  the  rapid  compreffion,  prevented  the  operator  from  look¬ 
ing  fo  diredly  through  the  glafs  as  to  perceive  the  tranfient 
light  which  compreffion  difengages,  and  which  I  myfelf  had 
feveral  times  feen. 


Immediately  after  this  trial  a  mixture  of  hidrogen  and  oxigen 
gales  was  introduced  into  the  fyringe,  and  a  firoke  was  given. 
An  extremely  brilliant  light  appeared  with  a  loud  detonation  : 
The  glafs  bottom  was  driven  out :  The  copper  fcrew  wrhich 
retained  it  in  its  place  was  broken ;  and  the  perfon  who  held 
the  fyringe  had  his  hand  fligbtly  burned  and  wounded  by  the 
force  of  the  explofion. 

The  experiment  was  repeated,  by  fubfiituting  a  brafs  bot¬ 
tom  of  one  entire  piece  fcrewed  on  infiead  of  that  of  glafs. 
and  a  new7  mixture  of  the  gafes  was  introduced.  The  firft 
ftroke  of  the  pifton  produced  an  explofion,  which  was  heard 
like  the  loud  crack  of  a  whip  ;  but  a  fecond  ftroke  with  a  new 
charge  of  the  gafes,  caufed  a  detonation  which  broke  or  rather 
tore  the  body  of  the  fyringe  with  a  violent  explofion. 

After  thefe  phenomena  there  can  remain  no  doubt  refpe£U 
ing  the  combination  of  the  two  gafes;  as  it  is  known  that 
this  combination  produces  the  detonation  by  the  immenfe 
quantity  of  heat  difengaged  when  they  pafs  to  the  liquid 
ftate ;  a  heat  which  is  fufficient  to  reduce  them  immediately 
into  vapour,  and  give  them  an  exceffive  dilatation  in  that 
ftate.  It  was  not  therefore  thought  necefiary  again  to  repeat 
this  experiment,  wdiich  is  attended  witli  Come  danger, 

The  theory  of  thefe  phenomena  is  extremely  fimple.  A 
rapid  compreffion  forces  the  gafes  to  abandon  a  very  great 

5  quantity 


and  afterwards 
with  a  mixture 
of  oxigen  and 
hidrogen. 

The  glafs  was 
broken  by 
ftrong  luminous 
explofion. 


Repetition  with 
a  metallic  cap. 
The  fyringe 
burft. 


Theory,  the 

gafes  give  out 
heat. 
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quantity  of  heal,  which  not  being  capable  of  immediate  difTi- 
pation,  raife.s  their  temperature  in  the  inftant  fufficiently  to\ 
inflame  them  in  this  date  of  compreflion. 

Thus  it  is  that  we  find  in  the  two  gafes  all  the  elements 
necefi'ary  for  their  combination,  independently  of  the  eledtric 
fpark  or  external  heat.  We  might  probably  in  the  fame  man¬ 
ner,  and  without  any  foreign  agent,  produce  all  the  gafeous 
,  combinations  which  require  an  increafe  of  temperature. 

Th*U<?  &  *  This  identity  of  refults  has  led  me  to  a  notion  which  I 

fpark  may  con-  fubmil  to  the  judgment  of  philofophers.  It  is  known,  and  M. 
lift  merely  of  Bcrthollet  has  (hewn  it  in  his  Chemical  Statics,  that  electricity 

from  compre fled  'n  Pa^nS  through  bodies,  produces  a  true  compreflion  of  their 
air.  particles.  This  effect  is  produced  with  the  mod  extreme 

velocity,  as  may  be  proved  by  an  affinity  of  experiments. 
Now  electricity  poflfefiing  a  velocity  fo  great,  it  is  impollible 
that  it  fhould  not  difengage  light  from  the  air,  fince  we  can 
difengage  it  by  a  compreflion  fo  much  lefs  rapid.  In  this  way 
it  is  that  we  are  led  to  a  conclufion,  that  this  refult  of  the 
ele&ric  fpark  is  the  purely  mechanical  effect  of  compreflion. 
More  ample  ex-  If  we  now  compare  what  palfes  in  our  condenfing  pump 
pl  mation.  I  he  ancj  jn  qle  eudiometer  of  Volla,  we  fhall  find  that  the  analogy 

of  electric  mat-  is  complete.  Only  that  in  the  firfl  cafe  we  are  obliged  to 
ter  will  ftrongly  confjne  (]ie  a;r>  becaufe  the  velocity  we  can  give  to  the  pif- 

ton  is  limited.  Whereas  in  employing  electricity,  the  particles 
are  compreffed  by  a  velocity  fo  great  that  they  can  never 
withdraw  themfelves  with  fufficient  fpeed  from  its  effort. 
Therefore  the  compreflion  may  be  equally  well  made  in  the 
open  air,  together  with  the  difengagement  of  light  or  the 
fpark,  which  is  its  confequence.  But  this  effect  is  local  ;  and 
if  the  gafes  be  not  fufceptible  of  combining  together,  fhould 
after  each  explolion  refurn  to  their  primitive  dimenfions,  they 
mull  immediately  refume  in  this  dilation  all  the  heat  they 
had  before  dilengaged,  fo  that  there  cannot  be  effected  any 
lading  change  in  their  conflitulion.  This  explains  why  no 
alteration  has  ever  been  feen  in  very  pure  unmixed  gafes, 
when  fubjected  to  the  action  of  the  eledtric  fpaik. 
and  alfo  the  rare  This  light  which  electricity  difengages  from  the  gafes  by 
compreflion,  it  mud  alfo  difengage  from  the  more  ratified 
gafes,  and  on  account  of  its  extreme  velocity,  it  muft  difengage 
it  even  from  vapours,  when  experiments  are  made  under  the 

receiver 


comprefs  free 

air. 


fluids  in  our  va¬ 
cuum. 
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receiver  of  an  air-pump  or  in  the  torricelian  vacuum  :  For  we 
can  never  form  a  perfect  vacuum  with  our  machines,  and  even 
in  the  tube  of  the  barometer  mercury  always  exifts  in  the 
form  of  vapours.  Thefe  vapours,  though  very  rare,  frill  con¬ 
tain  a  large  cjuantity  of  caloric,  which  the  electricity  mult  dii- 
engage  in  its  paffage  by  compreflion  ;  but  the  intfantaneous 
augmentation  of  elediricity  which  retails,  cannot  become  fen- 
fible  on  account  of  the  little  denfity  ot  the  medium  ;  but  this 
increafe  is  perceivable  in  denfer  air,  as  we  lee  in  the  inftru- 
ment  called  Kinnertley’s  thermometer. 

The  confiderations  which  I  have  here  made,  appear  to  me  Conclufion* 
to  point  out  with  fome  probability,  that  the  phenomenon 
called  the  eleftric  lpark,  is  owing  to  the  light  difengaged  from 
the  air  by  compreffion  during  the  paffage  of  the  electricity  ; 
fo  that  this  phenomenon  is  purely  mechanical,  and  not  at  all 
eledric  in  itl'elf.  This  is  the  notion  which  I  fubmit  to  the 
judgment  of  philofophers  :  if  it  be  true,  it  muff  tend  confi- 
derably  to  diminifh  the  number  of  hypothefes  which  have  al¬ 
ready.  been  made,  or  may  be  made  on  the  nature  of  ele&ri- 
city.  For  this  reafon  it  is  that  I  have  offered  it  to  their  con- 
fideration,  requeuing  that  it  may  not  be  be  thought  that  I 
confider  it  as  of  greater  importance  than  their  deliberate  exa¬ 
mination  may  beftow  upon  it. 

•  ,  ■  '  /  ,  • 

',:r"',rr  '  "  . —  —  -  ■ 

XIV. 

Account  of  Thermometers  for  regijiering  the  highejl  and  lozeejf 

Temperatures  in  the  AhJ'ence  of  the  Obferver.  By  F.  A, 

* 

To  Mr.  NICHOLSON. 

SIR, 

IVf-ANY  contrivances  have  been  propofed  and  adopted  for  Thermometers 
regitfering  all  the  ffations  of  the  thermometer  and  barometer,  ^ regiftTri ng* 
by  means  of  a  float  or  other  equivalent  inffrument  carrying  a  the  weather, 
pencil,  which  marks  its  fituation  on  a  lurface  gradually  moved 
along  by  means  of  a  clock-  Thefe,  ot  which  meteorologiflg 
know  the  value,  are  neverthelefs  expenfive,  and  require  a 
degree  of  care  and  management  fuflicient  to  repder  Ampler 

contrivances. 
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Obje&ions  to  if. 


Another  ther- 

:  great 
and  Jeaft 
'temperatures 


Six  4  therrao-  contrivances  acceptable.  Mr.  lames  Six  communicated, 
meter.  ,  r  J  * 

about  2 5  years  ago,  to  the  Royal  Society  a  thermometer,  in 

whicn  two  fmall  indicating  pieces  were  driven  by  the  fluid  in 
the  tubes  to  nations  where  they  fluck,  and  remained  after  the 
change  of  temperature,  and  ffiewed  the  highed  and  lowed 
degrees  that  had  occurred  lince  the  lad  placing  of  them  in 
%  contact  with  it.  As  this  indrument  is  fufficiently  known,  and 

I  am  now  to  advert  to  a  fimpler  contrivance,  I  will  difmifs 
that  iubjed  and  advert  to  this  lad. 

In  Air.  Six’s  complicated  thermometer  the  tubes  were  ver¬ 
tical,  and  the  indexes  duck  in  the  glafs  by  their  fpring  ;  be- 
fides  which,  a  fmall  piece  of  deel  wire  being  expofed  to  alco- 

hoi,  was  at  length  oxided  and  fet  fa  ft.  The  other  contrivance 
mometer,  which  ,  ,  r  .  ,,  , 

thews  the  great- novv  to  be  ‘een  ,n  ab  our  London  fliops,  and  refpeding  which 
you  will  do  an  acceptable  lervice  to  your  readers  and  the 
fcientific  world,  by  inferting  a  lketch  in  your  Journal,  confids 
limply  in  two  thermometers,  one  mercurial  and  the  other  of 
alcohol  (Fig,  J,  PI,  X.)  having  their  dems  horizontal;  and 
the  former  has  tor  its  index  a  fmall  bit  of  magnetical  ffeel  wire, 
and  the  latter  a  minute  thread  of  glais,  having  its  two  ends 
formed  into  fmall  knobs  by  fufion  in  the  flame  of  a  candle. 
Description. .  It  The  magnetical  bit  of  wire  lies  in  the  vacant  fpace  of  the 

thermometer 3  mercurial  thermometer,  and  is  puflied  forward  by  the  mercury 
which  thews  the  whenever  the  temperature  rifes  and  puflies  that  fluid  againd  it : 

a^t'pi nt Uther mo-  wben  tbe  temperature  falls  and  the  fluid  retires,  this  index 

merer  for  the  ,s  left  behind,  and  confequently  fliews  the  maximum.  The 
minimum.  other  jndex,  or  bit  of  glafs,  lies  in  the  tube  of  the  fpirit  ther¬ 
mometer  immerfed  in  the  alcohol,  and  when  the  fpirit  retires 
by  depreflion  of  temperature,  the  index  is  carried  along  with 
it  in  apparent  contadl  with  its  interior  furface :  but  on  increafe 
of  temperature  the  fpirit  goes  forward  and  leaves  the  index, 
which  therefore  fliews  the  minimum  of  temperature  fince  if 
was  fet.  As  thefe  indexes  merely  lie  in  the  tubes,  their  re¬ 
finance  to  motion  is  altogether  inconfiderable.  The  fleel  in¬ 
dex  is  brought  to  the  mercury  by  applying  a  magnet  on  the 
outfide  of  the  tube,  and  the  other  is  duly  placed  at  the  end  of 
the  column  of  alcohol  by  inclining  the  whole  indrument. 

thWVnall  wby  1  beg  ^°U  W*11  exPlain  the  niotion  of  the  glafs  index.  I  can 

index^Kvay3  re-  ea%  underdand  from  the  general  fatf  that  mercury  repels  pci, 

mains  in  the  that  this  fluid  will  drive  the  deel  index  before  it  ;  but  I  cannot 
fpirit.  1  . 

make 
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make  out  to  my  fatisfaction,  how  the  fpirit,  by  attracting  glafs, 
can  prevent  the  other  index  from  ever  riling  out  of  its  furface. 
Perhaps  this  thing  may  be  already  explained  in  elementary 
books ;  but  whether  it  be  or  no,  I  am  lure  that  an  account  in 
your  clear  and  popular  way  cannot  be  thought  fuperfluous. 

I  am  refpe6tfully, 

Sir, 

Your  obliged 

F.  A. 


REPLY. — W.  N. 


When  the  furface  of  the  column  of  fpirit  is  viewed  by  a  Explanation. 

magnifier,  it  is  feen  to  have  the  form  of  a  concave  hemifphere,  the 

y  ...  *  piece  were  pro- 

vvhich  (hews  that  the  liquid  is  attra&ed  by  the  glafs.  The  truded  beyond 

glafs  in  that  place  is  confequently  attra&ed  in  the  oppofite  fp^it^the 

direction  by  a  force  equal  to  that  which  is  fo  employed  in  to  it  and  draw  it 

maintaining  that  concave  figure;  and  if  it  were  at  liberty  to 

move,  it  would  be  drawn  back  till  the  flat  furface  was  re- 

Pored.  Let  us  fuppofe  a  fmall  flick  or  piece  of  glafs  to  be 

ioofe  within  the  tube,  and  to  protrude  into  the  vacant  fpace 

beyond  the  furface  of  the  alcohol.  The  fluid  will  be  attracted 

alfo  by  this  glafs,  and  form  a  concave  between  its  furface  and 

that  of  the  bore  of  the  tube  But  the  fmall  interior  piece 

being  quite  at  liberty  to  move,  will  be  drawn  towards  the 

fpirit  fo  long  as  the  attra&ive  force  poflefles  any  activity ;  that 

is,  fo  long  as  any  additional  fluid  hangs  round  the  glafs  ;  or  in 

other  words,  until  the  end  of  the  flick  of  glafs  is  even  with 

the  furface.  Whence  it  is  feen  that  the  fmall  piece  of  glafs 

will  be  reflfled,  in  any  a£tion  that  may  tend  to  protrude  it 

bey  ond  the  furface  of  the  fluid  ;  and  if  this  refiflance  be  greater 

than  the  force  required  to  Aide  it  along  in  the  tube  (as  in  fa6t 

it  is),  the  piece  mult  be  Hided  along  as  the  alcohol  contracts ; 

fo  as  always  to  keep  the  piece  within  the  fluid.  And  this 

fa£t  is  accordingly  obferved  to  take  place. 


AbJiraSt 


?18 


©N  MILK  AND  BUTTER# 


XV. 


Abftraci  of  a  Memoir  on  Milk.  By  M.  ThenardJ 


T 


Carrpnrnt  pwis  A  N"  a  memoir  which  I  read  to  the  Philomatic  Society  in 
Praireal  la  ft,  I  fhewed  that  milk  always  contains  the  free 
acetous  acid  in  a  greater  or  lets  quantity.  At  the  fame  period 
Mellrs.  Fourcroy  and  Vauquelin  found  that  it  alfo  contains 
phofphate  ot  magnefia,  and  that  the  laftic  acid  of  Scheele,  or 
that  which  is  obtained  from  ferum  of  milk  fpontaneoufty  coa¬ 
gulated,  is  merely  the  acid  of  vinegar  combined  with  an  ani¬ 
mal  matter.  So  that  in  the  prefent  ftate  of  our  knowledge 
we  muft  confider  milk  as  compofed  of,  1.  Water;  2.  Acetous 
acid  ;  3.  Cafeous  matter ;  4.  Butteraceous  matter ;  5.  Sugar 
ot  Milk;  6.  Extractive  matter;  7.  Muriate  of  foda  and  of 
polafh ;  8.  Sulphate  of  polafh  ;  9.  Phofphate  of  lime;  10. 
Phofphate  of  magnefta. 

Of  thefe  eleven  lubftances  there  is  one  which  I  particularly 
examined  fome  months  ago,  namely  cream.  I  was  defirous 
ot  ascertaining  the  circumftances  which  govern  its  feparation, 
and  particularly  its  transformation  into  butter. 

I  had  before  obferved  that  milk  coagulates  as  readily  in 
as  in  open  vefiels  ;  I  know  that  no  gas  is  difengaged  in 
require  accefs  of  this  decompofition,  and  that,  in  order  io  elfe<5t  it  with  ra¬ 
pidity,  it  i?  needful  only  to  raile  the  temperature  to  between 
20°  and  40°  (Reaumur  I  luppofe;  and,  if  fo,  anfvvering  to 
77°  and  122°  Fahrenheit),  it  was  clear,  therefore,  that  the 
air  contributes  neither  to  the  formation  nor  the  feparation  of 
cream,  but  that  it  exifts  ready  formed  in  milk;  but  it  remained 
to  be  tliewn  what  are  the  principles  which  enter  into  its  com- 
polifion.  Being  perfuaded,  from  various  obfervations  I  had 
made,  that  it  is  only  an  intimate  mixture  of  butter,  cheefe, 
and  ferum,  I  proceeded  to  afcertain  this  point  by  mixing  a 
pint  bottle  (Englifh  quart)  of  recent  cream  nearly  to  its  neck, 
from  which  I  difplaced  the  remaining  air  by  carbonic  acid. 
I  then  clofed  it  wrell,  and  agitated  it  ftrongly  in  every  direction 
for  half  an  hour;  at  the  end  of  which  time  the  contents  having 
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become  very  thick  and  adhering  ftrongly  to  the  Tides  of  the 
bottle,  gradually  became  dclaciued,  and  loon  afterwards  were 
converted  into  a  white  liquid,  in  the  midft  of  which  fwam  a 
yellow'  mals  ot  excellent  butter.  Hence  it  follows,  that  the 
butter  exifts  in  the  milk,  and  is  feparated  when  the  milk, 
being  deprived  of  the  vital  action,  is  left  to  ilfelf.  At  this 
time,  either  by  the  tormation  of  an  acid  arifing  doubtlefs  from 
3  decompolition  of  the  extra<5iive  matter,  or  perhaps  from  the 
lefs  fpecific  gravity  of  the  butter  compared  with  that  of  the 
cheefe;  tor  the  butter  begins  to  feparate  almoft  at  the  moment 
that  milk  is  poured  into  a  veffel ;  — the  milk  is  decompofecf, 
the  cream  rifes  to  the  top,  and  from  this  la  ft,  by  agitation,  and 
more  particular})'  by  the  aftiflance  of  a  temperature  between 

and  20 9  (66°  to  77°  F.),  butter  is  obtained  together  with  Procefs  of  but- 
butter-milk,  which  is  a  white  very  mild  liquor,  in  which  fome  ter  ma^nS« 
butter  and  cheefe  are  fufpended  in  a  very  divided  date.  But 
the  butler  thus  obtained  is  not  pure  :  It  Fill  contains  a  portion 
of  cheefe  amounting  fometirnes  to  the  fixth  part  of  its  weight ; 
and  this  is  the  caufe  ot  its  fpeedily  becoming  rancid,  parti¬ 
cularly  in  fummer.  When  the  cheefy  matter  is  feparated  by 
fufion,  the  butter  may  be  kept  a  long  time.  It  is  true  indeed, 
that  by  this  fufion  it  acquires  an  acridnefs  which  greatly  limits 
its  ufes,  and  makes  it  unfit  to  be  employed  in  frying;  but  this 
cl i fad  vantage  might  be  remedied  by  keeping  the  temperature 
much  lower  than  is  ufual.  Clouet  fir  ft  made  this  obfervation; 
and  hence  the  following  procefs  may  be  adopted  for  purifying 
butter,  or  feparating  the  cheefy  matter  without  giving  it  a  bad 
lafte. 

1 .  Let  the  butter  be  melted  on  the  water  bath,  or  at  a  degree  Purification  of 
of  heat  not  exceeding  the  66°  of  Reaumur.  2.  Keep  it  melted  butter  by  fufion, 
till  all  the  cheefy  matter  is  collected  in  white  flakes  at  the  bot-  the^cheefypS, 
tom  of  the  vefi'el,  and  the  melted  butter  is  (ranfparent.  3.  At 
this  period  decant  it,  or  pafs  it  through  a  cloth.  4.  Let  it  be 
cooled  in  a  mixture  of  equal  parts  of  pounded  ice  and  fea-falt; 
or  if  ice  cannot  be  procured,  then  in  cold  fpring- water,  making 
ufe  of  broad  (hallow  veflels.  Without  this  precaution  the  butter 
would  become  lumpv  by  cry flallizing,  in  which  Hate  it  could 
pot  be  ferved  at  tuble.  Befides  which,  the  parts  being  con- 
denfed  by  this  fudden  cold,  are  found  to  refifi:  the  adiion  of  the 
air  more  effe&ually.  With  this  laid  intention  it  is  alfo  proper 
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General  faffs 
re l'pe (Sling  the 
temperature  of 
the  fea. 


At  great  depths 
it  is  eternally 
frozen. 


Concerning  the 
oil  and  com¬ 
pounds  ufed  in 
currying  leather. 


to  coxcr  the  pot  in  which  the  butter  is  kept  very  exactly,  and 
to  place  it  in  a  cold  expofure,  fuel)  as  a  cellar.  By  this  treat¬ 
ment  butter  may'  be  kept  for  fix  months  or  more,  and  will  be 
nearly  as  good  as  frefli  butter,  particularly  after  the  top  is  taken 
off.  It  is  even  poffible  to  give  this  fufed  butter  to  a  certain 
point  the  appearance  of  frefli  butter,  by  beating  it  with  one 
fixth  part  of  its  weight  of  the  cheefy  matter ;  and  fo  likewife 
rancid  butter  may  be  confiderably  amended  by  the  procefs  of 
iuflon  and  cooling  here  preferibed. 


SCIENTIFIC  NEWS. 


Temperature  of  the  Sea. 

1\/T 

l^lR.  PIRON  has  lately  communicated  to  the  French  Na- 
tiooal  lnltitute  a  memoir  on  the  temperature  of  the  fea  ;  an  in- 
terefting  fubjeft,  capable  ot  being  applied  to  various  ufeful 
purpofes,  and  which  has  accordingly  engaged  the  attention  of 
a  confiderable  number  of  philofophical  obfervers.  His  ge¬ 
nera!  fa<5ts  are,  I.  rhe  mean  temperature  of  the  fea  at  its  fur- 
face  is  commonly  more  elevated  than  that  of  the  air.  2.  It  is 
higher  the  nearer  to  the  continents  and  large  iflands,  3.  At  a 
difiance  from  the  fliore  in  deep  feas  the  water  is  colder  below 
than  at  its  furface;  and  the  more  the  greater  the  depth.  All 
the  obfervations  feem  to  fhew,  that  in  the  abyfles  of  the  ocean, 
as  well  as  on  the  fummits  of  mountains,  even  under  the  equa- 
Uh,  eternal  Iroft  prevails.  4.  A  fimilar  cold  is  obferved  in 
extenfive  lakes,  and  even  within  the  earth  at  great  depths,  but 
it  appears  to  be  lefs  ludden.  5.  Thefe  refults  concur  in  proving, 
that  the  temperature  within  the  earth  is  not  every  where  the 
fame  and  equal  to  93|°,  as  has  been  long  thought  (about  50® 
f  ahr.  whether  this  be  centigrade  or  Reaumur’s  feale.) 


Spent  Oil  of  the  Curriers , 

i  lie  proccfs  by  which  the  curriers  impregnate  their  fkins  is 
is  by  fm earing  the  oil  upon  the  wet  fkin,  into  which  it  pene¬ 
trates  as  the  moifture  evaporates.  A  pure  oil  could  not  perhaps 
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be  thus  fpread,  and  mod  probably  would  not  enter  the  lkin 
with  thedelired  effect,  or  render  it  as  fupple  as  that  oil  which 
from  experience  they  are  led  to  prefer. 

The  celebrated  Seguin  has  directed  his  attention  to  this  in¬ 
gredient  of  fuch  extend ve  manufacturing  utility.  He  remarks, 
that  this  material  (by  the  name  of  Degras)  is  of  two  kinds  in 
France;  viz.  the  common  fort  and  that  of  Niort.  The  firft  is  - 
the  immediate  product  of  the  chamoying  of  fkins,  which  are 
cleared  of  their  furplus  oil  byfolution  of  potafli.  It  therefore 
contains  not  only  foap,  but  likewife  gelatine.  It  is  evaporated 
to  drynefs  and  then  fold  as  Degras.  At  Niort  it  is  decompofed 
by  fulphuric  acid,  and  the  precipitate  is  called  the  Degras  of 
that  town. 

Mr.  Seguin  finds  by  analyfis,  that  this  laft  is  oxigenated  oil, 
whereas  the  other  is  a  compound  of  foap  and  gelatine.  He 
fucceeded  in  giving  to  whale  oil  all  the  properties  of  the 
Degras  of  Niort,  by  boiling  one  pound  for  a  fewr  minutes  with 
half  an  ounce  of  nitric  acid  at  25  degrees.  He  obferved  that 
no  gas  is  difengaged  in  this  operation;  but  that  water  and  ni* 
trale  of  ammonia  are  formed ;  and  he  concludes  that  the  oil  was 
oxigenated,  not  by  abforbing  the  oxigen  of  the  acid,  but  by 
yielding  to  it  partof  the  hidrogen  which  was  one  of  its  own  com-* 
ponent  parts.  The  refult  is  the  more  interefting,  as  the  Degras  of 
Niort  being  much  more  efteemed  than  the  common  fort,  the 
curriers  may  hereafter,  inftead  of  paying  a  great  price  for  if, 
make  it  in  as  large  quantities  as  they  pleafe  by  following  the 
procefs  here  indicated. 

Note  reflecting  the  Decompofition  of  Sulphate  of  Lead  by  the 
Muriatic  Acid.  By  M.  Descotils  *. 


If  the  fulphate  of  lead  be  treated  with  muriatic  acid  rather  Sulphate  of  leal 
concentrated,  that  metallic  fait  is  totally  dilTolved,  provided  js  foluhle  by  heat 
the  proportion  of  acid  be  rather  in  excefs.  This  folution  re-  M^iat^of  lead 1 
quires  heat  to  effe£t  it.  Upon  cooling,  the  muriate  of  lead  Separates  by 
cryftallizes  in  great  quantity;  and  it  is  much  more  fpeedily  isfohfbl* 
obtained  by  the  addition  of  a  fmall  quantity  of  cold  water,  water,  and  may 
If  the  fupernatant  fluid  be  feparated  from  the  cryftallized  fait, 

acid.  y  UP  * 
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Another  in- 
ft-mce  in  the 
analyfis  of  anti 
znonial  galena. 


Account  of  the 
late  eruption  of 
Mount  Vefu- 

VUIS. 


1 


a  precipitate  is  obtained  from  the  former  by  muriate  of  barytes* 
i  lie  muriate  of  lead  is  loluble  in  water,  and  may  be  aim  off  en¬ 
tirely  decompofed  by  tulphuric  acid,  which  forms  (ulphate  of 
lead. 

1  his  fa6l  deferves  to  he  carefully  examined  with  relation  to 
the  play  of  affinities;  and  it  may  be  of  importance  in  the 
analyfis  of  mineral  and  metallic  fubttances.  In  fact,  if  an 
alloy  contain  a  fmall  quantity  of  lead,  and  it  were  necelfary, 
in  order  todiflblve  the  alloy,  to  employ  the  nitro-muriatic  acid, 
it  would  be  very  pofiible,  and  I  have  found  it  fo,  that  fu!- 
phuric  acid  would  not  indicate  the  prefence  of  lead.  The 
following  is  another  inflance:  If  an  antimonial  galena  be 
treated  with  nitric  acid  and  tulphate  of  lead  thus  formed,  this 
la  ft  would  be  deeompofed  by  the  muriatic  oil  ( qu .  acid  r)  which 
might  be  employed  to  take  up  the  oxide  of  antimony,  and 
the  muriate  of  lead  would  remain  dilfolved  after  the  addition 
of  water.  If  care  were  not  taken  to  examine  the  filtered 
liquor,  a  lofs  would  be  experienced  which  it  would  be  difficult 
to  account  for. 


Ext  raft  of  a  Letter  from  Naples,  dated  Align  ft  13. 

Cl  ^  efterday  at  ten  o’clock  at  night,  the  eruption  of  Vefu- 
yius,  of  which  the  earthquake  feemed  to  be  the  forerunner, 
took  place.  We  were  going  to  vifit  the  crater  when  the  cries 
of  the  people  and  a  volume  of  flame  informed  us  that  the 
volcano  had  opened.  The  lava  precipitated  itlelf  in  three 
feconds  from  the  lafl  peak  oi  the  mountain  and  took  a  direction 
towards  the  valley,  filuated  between  'Torre  del  Greco  and 
Torre  del  1’Annunziata,  two  towns  on  the  fea  coaft,  beyond 
Portici,  and  feven  or  eight  miles  from  Naples. 

-  We  fet  off  immediately  to  fee  this  wonderful  and  tremen¬ 
dous  phenomenon  nearer.  From  the  place  of  our  departure, 
we  f^w  the  whole  courfe  of  the  lava,  which  extended  ncaily 
two  miles,  from  the  crater  to  the  houfes  that  join  the  two 
towns.  The  fight  was  the  moll  magnificently  frightful  that 
could  be  feen.  1  contemplated  the  calcades  of  flame  pouring 
from  the  top  of  the  mountain,  and  fhuddered  at  feeing  an 
immenfe  torrent  of  fire  ravage  the  fineft  fields,  overthrow 
houfes,  and  defiroy  in  a  lew  minutes  the  hopes  and  refources 
of  a  hundred  families. 


A  line 
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A  line  of  lire  marked  the  profile  of  the  mountain  :  a  cloud  Account  of  the^ 
of  finoke,  which  feemed  to  fend  forth  from  time  to  time  flafhes  Mount  Veiu- 
of  lightning,  hung  over  the  fcene,  and  the  moon  appeared  to  vius. 
be  pale:  Nothing  can  adequately  defcribe  the  grandeur  of  the 
fcene,  or  give  an  accurate  idea  of  the  horror  of  it.  As  we 
approached  the  (pot  ravaged  by  this  river  of  hell,  ruined  in¬ 
habitants  having  quitted  their  houfes — defolated  families  trying 
to  lave  their  furniture  and  provifions,  laff  and  feeble  refource 
— an  immenfe  croud  of  curious  fpe6iators,  retreating  flep  by 
flep  from  the  advancing  lava,  and  teftifying  by  extraordinary 
cries  their  wonder,  fear,  and  pity — 'the  frightful  bellowing  of 
the  mountain,  the  frequent  explofions  which  burft  from  the 
bottom  of  the  torrent,  the  crackling  of  the  trees  devoured  by 
the  flames,  the  noife  of  the  walls  falling,  and  the  lugubrious 
found  of  a  bell,  which  the  religious  of  the  Camaldules,  ifolated 
on  a  little  hill  3nd  furrounded  by  two  torrents  of  fire,  rang  in 
their  diflrefs.  Such  are  the  details  of  the  frightful  fcene  to 
which  I  was  witnefs. 

The  moment  we  arrived  the  lava  was  crofling  the  great 
road  below  Torre  del  Greco.  To  fee  it  better  we  got  into  a 
beautiful  houfe  on  the  road  fide — from  the  terrace  we  favv  the 
fire  at  no  more  than  fifteen  paces  from  us— -in  a  minute  we  de- 
lcended,  and  twenty  minutes  afterwards  there  remained  of  the 
houfe  but  three  large  walls.  I  approached  as  near  as  the  heat 
and  flow  of  the  current  would  permit  me,  I  attempted  at  dif¬ 
ferent  times  to  burn  the  end  of  my  handkerchief  in  it — I  could 
only  do  it  by  tying  it  to  my  cane.  The  lava  does  not  run  in 
liquid  waves  ;  it  refembles  an  immenfe  quantity  of  coals  on 
fire,  which  an  invincible  flrength  had  heaped  up  and  pufhed 
on  with  violence.  When  it  met  with  a  wall,  it  collected  to  the 
height  of  feven  or  ten  feet,  burnt  it,  and  overthrew  it  at  once. 

I  faw  fome  walls  get  red  hot,  like  iron,  and  melt,  if  I  may  ufe 
the  expreffion,  into  the  lava.  In  its  greateft  fpeed  and  on 
an  horizontal  road,  I  reckoned  that  the  torrent  travelled  at  the 
rate  of  eighteen  inches  a  minute.  Its  fmell  refembled  that  of 
iron  red  hot. 
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Applicative  Compafs  for  taking  Bearings  on  a  Chart ,  bp  N.  D# 
Siarck,  Efj.  of  the  Royal  Navy. 

This  inftrument,  feen  in  Fig.  6,  Plate  Xf.  confifts  of  an 
inner  and  outer  brafs  concentric  circle;  the  latter  of  which, 
when  in  ufe,  is  to  be  applied  to  a  chart,  fo  that  its  cardinal 
points  may  agree  with  thofe  of  the  draft,  and  its  central  (me¬ 
tallic)  point  be  dire&Iy  over  the  filing  place.  The  inner  circle 
is  to  be  fet  to  the  variation  ;  and  the  thread  from  the  center 
being  laid,  will  fliew  cither  bearings  by  compafs,  or  true 
bearings,  according  to  the  circle  upon  which  they  are  read.  It 
is  obvious  alfo,  that  the  inflrument  may  be  ufed  in  delineating, 
plotting,  and  for  various  other  ufeful  purpofes. 
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ARTICLE  I. 


On  the  Divijion  of  an  Arch  of  a  Circle  into  tivo  fuck  Parts ,  that 
their  Sines ,  or  Cojincs,  or  Verfed-Sines,  Jhall  have  a  given  Re¬ 
lation.  In  a  Letter  from  John  Gough,  Efq. 


To  Mr.  NICHOLSON. 


SIR, 


Being  at  prefent  on  a  vifit  to  my  friend  Michael  Fryer,  Jntrodu&orj 
teacher  of  the  mathematics  at  this  place,  I  have  availed  myfelf Ietter* 
of  the  opportunity  to  confult  his  very  extenfive  mathema¬ 
tical  library,  with  a  view  to  difcover  how  far  the  following 
theorems  and  problems  are  original ;  thinking  it  poffible,  at 
leaf!,  that  timilar  propofitions  might  be  met  with  in  the  works 
of  the  early  geometricians,  particularly  in  the  tradts  on  An¬ 
gular  Sedtions,  by  Vieta,  Oughtred,  Wallis,  and  others,  which 
I  had  never  before  been  able  to  meet  with ;  but  I  have  found 
only  one  of  them  to  have  been  already  treated,  of  which  no¬ 
tice  (hall  be  taken  in  its  proper  place  :  neverthelefs,  it  is  not 
improbable  but  that  fimilar  theorems  and  problems  are  fcattered 
up  and  down  in  the  different  works  on  geometry  at  prefent  in 
exigence  :  As  this  eflay,  howrever,  may  claim  the  merit  of 
Vol.  XII. — December,  1805,  Q 
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Divlfion  of  an 
arch  of  a  circle 
into  two  part*, 
having  their 
fines,  or  cofines 
or  v.  fines,  in  ; 
given  ratio. 


exhibiting  them  in  one  view,  and,'  which  is  equally  defirabfe, 
ot  deriving  them  from  a  general  principle,  1  have  ventured  to 
offer  it  for  infertion  in  your  Journal. 

JOHN  GOUGH. 

Jlceth,  near  Richmond ,  York/hire, 

Angujl  28. 

Proposition  I.  Theorem. 

Let  A  F  be  the  arch  of  a  circle,  (See  Fig.  I ,  PI.  XII.)  A  P 
a  tangent  at  A;  F  P  a  perpendicular  to  A  P,  then  A  P  is 
equal  to  the  fine  of  A  F ;  F  P,  the  part  of  the  perpendicular 
intercepted  by  the  tangent  and  the  point  F  in  the  arch,  is 
equal  to  its  verfed  fine;  and  the  fame  line,  P  M,  intercepted 
again  by  the  circle  in  M,  is  equal  to  the  verfed  fine  of  its  fup- 
plement. 

Demonfiratzon, 

Draw  the  diameter  A  K,  and  the  fine  FS  perpendicular 
thereto  ;  alfo  from  the  center  O,  draw  O  L  at  right  angles  to 
PM;  then,  fince  PA  touches  the  circle  in  A,  PAK  is  a 
right  angle,  (Euc.  16.  iij.)  Alfo,  the  angles  F  P  A,  ASF, 
are  right,  by  conftru&ion ;  therefore  A  S  F  P  is  a  parallelo¬ 
gram,  the  oppofite  fides  of  which  are  equal,  namely,  A  P  = 
the  fine  S  F,  and  PF  =  the  verfed  fine  A  S,  (Euc.  34.  i.) 

Again,  fince  O  L  is  perpendicular  to  P  M,  it  is  parallel  to 
A  P  and  S  F,  therefore  PL  =  AO,  or  OK;  and  FL  = 
SO,  (Euc.  34.  I.)— But  FL  =  LM,  (Euc.  3.  III.)  Con- 
fequently  PM  ~SK,  or  the  verfed  fine  of  the  fupplement 
AF.  Q.  E.  D. 

Proposition  II.  Theorem. 

If  A  F  B  be  an  arch  of  a  circle,  (See  Fig .  2.)  and  A  P,  BR, 
be  tangents  at  A  and  B,  from  any  point,  F,  in  the  circum¬ 
ference,  draw  F  P,  F  R,  perpendicular  to  the  two  tangents, 
and  F  Q  alfo  perpendicular  to  the  chord  A  B,  then  will  the 
reCtangle  P  F  x  F  R  =  F~q1*  ;  and  the  rectangles  A  P  x 
B  R,  and  A  Q  x  QB,  will  alfo  be  equal. 

Demonfiration, 

Join  A  F,  F  B,  and  the  triangles  P  F  A,  Q  F  B,  are  equi¬ 
angular,  becaule  they  are  right-angled  at  P  and  Q,  by  con- 
ftr,u&ion;  and  the  angles  P  A  F,  Q  JB  F,  are  equal,  (Euc. 
32.  III.) 


Therefore, 
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Therefore,  as  A  F  :  F  B  :  :  P  F  :  F  Q.  Divlfion  of  an 

Alfo,  the  triangles  Q  F  A,  R  FB,  are  equiangular,  for  the  arch  of  a  clrcIe 
-afons. 

Therefore,  as  A  F  :  F  B  : :  F  Q  :  F  R,  fines,  or  cofines, 

Confequcntly,  as  P  F  :  F  Q  : :  F  Q  :  F  R,  (Euc.  II.  V.)  °”n ia  * 


And  P  F  x  FR  =  FQl2,  (Euc.  1 4.  VI.) 


Q.  E.  1°  D. 

Again,  by  the  fame  ti  [angles,  asFA:FB::AP:BQ, 

and  asFA;FB::AQ:BR; 
hence,  as  AP  :  B  Q  :  :  AQ  :  B  R, 
Whence  AP  x  BR  =  BQ  x  AQ; 

Q.  E.  2°  D. 

Corol.  I.  Produce  the  perpendicular  FQ  till  it  meets  the 
circumference  again  in  G,  and  PA  x  RB  =  FQ  x  QG; 

For  PA  x  RB  =  AQ  x  QB  by  the  proportion;  but 
AQ  x  QB  =  FQx  QG,  (Euc.  35.  III.) 

Corol.  2.  If  the  lines  P  F,  RF,  meet  the  circle  again  in  M 
and  N,  then  will  PM  x  RN  =  Q  G)2  : 

ForTP^1  =  F  P  x  PM,  and  Ur)2  =  F  R  x  R  N,  (by 
Euc.  36.  III.) 

Therefore,  as  A  PV  :FP  x  PM::FRx  RN  ;  B~Rl 4 : 
But  A  1*1 2  :  F  Q  x  QG::FQx  QG  :  B  p}  2 

by  Corol.  I. 

And  P  F  :  F  Q  : :  F  Q  :  F  R,  by  the  proportion. 
Therefore, 

PFx  PMsFQx  PM;:FQx  RN;FR  x  RN. 

Hence, 

FQx  QG:FQx  P  M  : ;  F  Q  x  RN;FQ  x  QG, 
Confequently,  PM  x  RN  =  QG]1. 

Corol.  3.  Draw  the  diameters  A  K,  B  D,  and  make  F  S, 
F  T  perpendicular  to  A  K,  B  D  ;  then  A  K  x  B  T  (the  red- 

angle  of  the  verfed  fines)  =  T~Q)2  ;  SF  x  FT  (the  red¬ 
angle  of  the  fines)  =  A  Q  x  QB;  and  SK  x  TD  (th^ 
redangle  of  the  fupplementary  verfed  lines)  =  Q  G]1.  Thefe 
things  follow  from  Props.  I.  and  II. 


Proposition  III.  Problem. 

To  divide  a  given  arch  of  a  circle  (A  B)  into  two  parts  (A  F, 
F  B),  fo  that  the  redangle  of  their  verfed  f nes  (A  S,  B  T) 
may  be^qual  to  a  given  magnitude,  or  fquare,  (m  x  m). 

Q  2  Confirmation, 
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Divifion  of  an 
arch  of  a  circle 
into  two  parts, 
having  their 
fines,  or  cofines 
or  v.  fines,  in 
given  ratio. 


Conjlruft ion. 

~  ■  0  *  % 

From  any  point,  Y,  in  the  right  line  A  B,  draw  YW  at 

right  angles  to  the  lame,  making  it  equal  to  the  given  right 
line  m  ;  through  W,  parallel  to  Y  B,  draw  W  F,  and  let  it  cut 
the  arch  A  B  in  F,  then  will  A  F,  F  B,  be  the  required  arches. 

Demonjlration. 

Draw  F  Q  perpendicular  to  Y  B,  then  F  Q2,  =  W  V1  = 
m  x  vi ;  by  Confh  and  Euc.  34.  I.;  but  the  redangle  of  the 
verfed  fines  of  A  F  and  F  B  =  F  Q]2,  (by  Cor.  3.  Prop.  II.) ; 
therefore  this  redangle  is  equal  to  m  x  m,  the  given  fquare. 

Q.  E.  D. 

Proposition  IV.  Problem. 

% 

To  divide  A  F  B,  a  given  arch  of  a  circle,  (See  Fig.  3.)  into 
two  parts,  A  F,  F  B,  fo  that  the  redangle  of  their  fines  may 
be  equal  to  a  given  fquare,  (n  x  n)  ? 

Confiru&ion . 

To  make  the  conftrudion  general,  let  AFB  be  greater 
than  a  femicircle,  join  A  B,  and  in  it  take  Q,  making  A  Q 
X  Q.  B  =  ii  x  n ;  alfo  in  A  B  produced  take  q,  fo  as  to  make 
A  q  x  qB  =  n  X  n;  draw  Q  F,  q  f  g,  perpendicular  to  A  B  ; 
then  will  A  F,  F  B,  or  A  g,  g  B,  or  A  /  /B,  be  the  required 
arches. 

Demonjlration. 

This  is  evident  from  Cor.  3.  Prop.  II.  and  the  eonftrudion^ 

To  find  the  limits,  biled  A  B  in  Z,  draw  alfo  the  radius 
O  N  parallel  to  Z  B,  and  make  N  E  perpendicular  to  A  B 
produced  ;  then,  if  n  x  n  be  greater  than  A  Z  x  Z  B,  F  is 
an  imaginary  point,  becaufe  AQx  QB  cannot  exceed  A  Z 
X  Z  B,  by  Euc.  5.  II.  Again,  if  n  x  n  be  greater  than  AE 
X  E  B,  the  points/,  g,  are  imaginary,  becaufe  A  q  x  q  B 
cannot  exceed  Ah  x  E  B,  teeing  E  N  touches  the  circle  in 
N,  and  is  parallel  to  q  g :  Thefe  things  being  premiled,  it 
will  be  eafily  perceived,  that  when  A  F  B  is  lefs  than  a  femi¬ 
circle,  it  can  only  be  divided  in  one  point  to  anfwer  the  con¬ 
ditions  of  the  queftion,  becaufe  the  pofnt  Ts  will  be  in  the  op- 
pofite  fegment;  but  when  it  exceeds  a  femicirclo,  it  will  ad¬ 
mit  of  being  divided  into  one,  two,  or  three  points,  according 
to  circumftances,  or  even  the  conflrudion  may  prove  impof- 
iible.  Q.  E.  D. 


Scholium 
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Scholium. 

This  problem  i*  conftru&ed  at  page  342  of  the  Appendix  to  Djvillonof  an 
Simplon’s  Algebra,  2d  Edition;  and  at  page  140  of  his  Select  two^artsf 
Exercifes,  1ft  Edition;  but  the  conftru&ions  given  by  that  having  their 
able  geometrician  do  not  fliew  the  various  limits  of  the  quef- ^rnvs,^ecs°^e® 
tion  with  that  degree  of  perfpicuity  which  appears  in  the  pre-  given  ratio, 
fent  method. 

Lemma. 

\ 

Let  A  B  C  D  be  a  fquare,  (See  Fig.  4.)  from  any  two  ad¬ 
jacent  tides  of  which,  C  B,  CD,  take  the  fegments  T  C, 

C  S,  then  will  the  rectangle  of  the  remaining  fegments  BT 

x  s  D  =  BC?!1  4-TCxCS  —  BCxCT  —  BCxCS. 

/ 

Demonjlration • 

Draw  S  G,  T  H,  parallel  to  B  C,  C  D,  and  let  them  inter- 
feci  in  F  — 

Then  the  rectangle  FTCS  =TC  x  C  S, 
and  the  redfangle  FHAG  =  BTxSD, 
ButFHAG-f-GBCS  +  HFSD  =  the  fquare  ABCD; 

(Sue.  1.  II.) 

Add  FTC  S  to  both. 

Then  FH AG  +  GBCS  +  TCDH  =  ABCD  +  FTCS; 

But  C  D  is  equal  to  B  C, 

Therefore  FHAG  =  ABC  D +  FTC  S  -  BC  x  CT  -  1 
BC  x  CS; 

That  is,  B  T  x  S  D  =  Bp|2  +TC  x  CS-BC  x  CT- 
BCxCS.  Q.  E.  D. 

i 

Proposition  V.  Problem. 

To  divide  A  F  B,  a  given  arch  of  a  circle,  (See  Fig.  5.) 
into  two  parts,  A  F,  and  F  B ;  fo  that  the  re6tangle  of  their 
cofines  may  be  equal  to  a  given  fquare,  k  x  k  ? 

Coiijlruftion. 

Join  A  B,  and  from  the  center,  O,  draw  O  Z  perpendi* 
cular  to  A  B;  in  Z  O  take  Z  V  equal  to  the  given  line,  k; 
and  join  B  V  ;  draw  the  diameter,  H  h,  parallel  to  A  B,  and 
divide  it  in  I  fo  as  to  make  H  I  X  I  A  ==■  B~V)2  ;  from  I  draw 
IQ  perpendicular  to  A  B,  and  when  produced  let  it  meet  the 
given  arch  in  F ;  then  will  A  F,  FB,  be  the  required  arches, 

Demonjlration a 
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Pivifion  of  an 
arch,  of  a  circle 
into  two  parts, 
having  thtir 
fines,  or  cofines 
or  v.  fines,  in  i 
given  ratio. 


N 

Demonfiration, 


Let  F  I  meet  the  circle  again  in  G,  draw  the  diameters 
A  K,  B  D,  and  the  tines  F  S,  FT; 

Then  the  cofine  OS  =  OA-AS, 
and  the  cofine  O  T  =  O  B  -  B  T  =  O  A  -  B  T ; 
Hence  SO  x  O  T  +  AS  xBT-AOxAS- 

AO  x  BT; 

But  A  S  x  BT  =  F  (af)4,  by  Prop.  II. 

Therefore, 

S  O  x  o  T  =70)'  +Tq|*  -  A  O  X  A  S  -  A  O  x  B  T. 
Again,  K  S  =  2  A  O  -  AS, 
and  D  T  =  2  A  O  -  BT; 

Hence,  K  S  x  D  T  =  4  AC>V  +ASxBT-2AOx 
A  S  —  2  A  O  x  BT; 

But  K  S  x  D  T  =  Q  G>,  by  Cor.  3.  Prop.  II. 
Therefore, 

4Xo\*+7q^j  —  2AOxAS  —  2AOx  BT=  QGVs 

- .  FQla  QG> 

Hence,  AOxAS-)-AOxBT  =  2  A  Ol1  -) - - - - — : 

ji  £ 


But  S0x0T  =  A02+FQ: 
2  2 


AOxAS  —  AOxBT 


FQ  =  Fl-IQ  =  BP-OZ, 
and  GQ  =  GI-f-IQ  —  BV-j-OZ; 

,  Hence  +  -  BVl"  +  U=Z) 


Confequenlly,  S  O  x  O  T  ~  HV']1  -p  UZ-]1  -  AO)1 ; 

ButAOl1  -~OZ>!  ==BOY  ~^I'=TZ\>  ; 

Therefore  S  O  x  OTrrBVl*  -BZ>!  =  VZl>, 
(Enc.  47.  I.)  ZZ  k  x  k,  by  conftruftron.  Q.  E.  D. 

Limitation . — If  Z  V  be  greater  than  ZO,  BV  will  be 
greater  than  BO;  i.  t .  F  G  will  be  greater  than  FI  h,  which 
is  impoffible,  Euc.  15.  III.  therefore  Z  V,  ork,  cannot  ex¬ 
ceed  Z  O. 


Proposition  VI.  Problem. 

t 

To  divide  A  F  B,  a  given  arch  of  a  circle,  (See  Fig.  6.) 
into  two  parts,  fo  that  the  fum  of  their  verfed  fines  may  be 
equal  to  a  given  right  line,  u  ? 


Conjlruftion, 
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Conjlrudion.  # 

Draw  the  radius  AO,  and  the  tangent  BE;  in  A  O  take  Diviiion  of  an 
A  I  equal  to  the  given  line,  u;  and  making  I  V  perpendicular  ^  t\vcT parts^ 
to  A  O,  let  it  meet  BE  in  V;  draw  b  V  to  bife£i  the  angle  having  their 
E  V  I,  and  let  it  cut  the  given  arch  in  F;  then  will  AF,  FB, 
be  the  required  arches,  given  ratio. 


Demonjlration. 

Draw  the  tangent  AG,  which  is  parallel  to  IV,  alfo  make 
F  P,  F  R  perpendicular  to  A  G,  B  E,  and  let  P  F  produced 
meet  I  V  in  H, 

Then  fince  AG,  IV,  are  parallels,  and  the  angle  H  P  A 
is  right,  F  FI  V  is  alfo  a  right  angle,  (by  Euc.  29.  I.)  there¬ 
fore  it  is  equal  to  the  angle  F  R  V,  (by  conduction.) 

But  the  angles  R  V  F,  H  V  F,  are  alfo  equal,  (by  conduc¬ 
tion) ;  confequently  the  triangles  R  F  V,  HIV,  are  equi¬ 
angular  ;  and  they  have  one  fide  common,  namely  the  tide 
V  F  ;  therefore  FR  =  F  FI,  (Euc.  4.  VI.)  and  P  F  +  F  R 
-PHz:  AI,  (Euc.  34.  I.)  =  u,  (by  contfruaion.) 

But  the  fura  of  the  verfed  lines  of  AF,  FB,  is  equal  to 
PF  4.  F  R,  (by  Prop.  I.)  therefore  this  fum  is  equal  to  the 
given  line,  u.  Q.  E.  D. 

Limitation.— If  A  I  be  greater  than  the  verfed  fine  of  the 
whole  arch  A  B,  the  point  F  will  evidently  fall  in  the  oppo¬ 
site  fegmenf,  and  the  conduction  will  be  impohible. 

Again,  fince  the  angle  I  V  E  is  equal  to  the  angle  A  O  B, 
draw  the  radius  O  C,  to  bifeCt  the  angle  A  O  B,  and  it  will 
evidently  be  perpendicular  to  V  b  ;  therefore  L  C,  a  tangent 
at  C,  will  be  parallel  to  V  F  ;  confequently  if  A  I  be  fo  taken, 
that  V  may  lie  in  B  L  produced,  the  conduction  will  alio  be 
impoffible;  which  will  therefore  happen  when  u  is  let's  than 
twice  the  verfed  fine  of  the  arch  AC,  or  B  C. 

Carol .  Since  the  fum  of  the  verfed  fines  of  two  arches  is 
the  fame  with  the  difference  of  the  diameter  and  the  fum  of 
the  cofines,  if  the  latter  fum  be  given  the  problem  may  be 
condu&ed  by  the  Iaft  proportion. 


Proposition  VII.  Problem. 

To  divide  A  F  B,  a  given  arch  of  a  circle,  (Fig.  7  )  into 
two  parts,  fo  that  the  fum  of  their  fines  may  be  equal  to  a 
given  right  line,  w  ? 


Confiruftiou • 
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Conjlruction. 

Divinon  of  an  Draw  the  radii  AO,  OB,  and  the  tangents. A  G,  B  E,  in 

into  two  parts,  VV^1IC^  <aKe  A  S,  B  T,  each  equal  to  the  half  of  iv  ;  draw 
having  their  S  N,  1  N,  parallel  to  AO,  OB;  and  through  their  inter- 

©r  v? fiLT/TiTa  ^raw  N  F,  parallel  to  ST,  to  meet  the  arch  in 

given  ratio,  l^en  A  F,  F  B,  are  the  parts  required. 

Demonftration. 

Draw  F  K,  F  M,  parallel  to  N  S,  NT,  and  let  them  meet 
S  T  in  K,  M,  and  A  G,  B  E,  in  P,  R  ;  then  it  is  eafily 
proved  that  the  triangles  K  F  M,  S  N  T,  are  equal  and 
limilar,  and  that  K  M  ZZ  S  T  ;  confequently  S  K  —  T  M. 

But  the  angles  KPS,  MR  T,  are  right,  being  equal  to 
the  angles  O  A  G,  O  B  E,  by  conftru£lion  ;  and  (he  angles 
K  S  P,  M  T  R,  are  equal  ;  therefore  the  triangles  P  S  K, 
^  V  are  equiangular,  they  are  therefore  equal,  (Euc.  4. 
VI.)  becaufe  S  K  zz  1  M  ;  confecjuently  S  P  zz  R  T  ;  there- 
/  fore  AP-fBR  —  AS  +  BTzza;. 

But  the  fum  of  the  fines  of  A  F,  F  B  zz  A  P  +  B  R  ;  this 
fum  is  therefore  equal  to  u\ 

Limitation. — Join  A  B,  which  will  be  parallel  to  S  F,  alfo 
let  the  radius  O  C  bifedt  the  angle  A  O  B,  when  properly 
produced,  or  not,  it  will  pafs  through  the  point  N.  Now  if 
N  be  in  O  C  produced,  N  F,  being  parallel  to  ST,  or  A  B, 
will  not  meet  the  circle  ;  on  the  other  hand,  if  N  lie  be¬ 
tween  O  and  A  B,  I  will  be  in  the  oppofite  fegment  of  the 
circle,  confequently  the  confiruclion  is  impoffible,  unlefs  N 
fall  between  C  and  the  line  A  B,  or  in  the  verfed  fine  of 
half  the  given  arch  :  Thefe  things  being  premifed,  it  will  be 
eafily  perceived  that  the  fine  of  the  arch  A  F  B  is  the  lefs 
limit  of  the  problem,  and  twice  the  fine  of  A  C  its  greater 
Ihut. 


Concerning 
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II. 

Concerning  the  State  in,  which  the  true  Sap  of  Trees  is,  depofited 
during  Winter.  By  Thomas  Andrew  Knight,  Efq  *. 

][  r  is  well  known  that  the  fluid,  generally  called  the  lap  in  The  common 

trees,  afcends  in  the  fpring  and  fummer  Jrom  their  roots,  ^ fum- 

and  that  in  the  autumn  and  winter  it  is  not,  in  any  confider-  mer,  but  not  ia 

able  quantity,  found  in  them  ;  and  I  have  obferved  in  a  former  wmter* 

paper,  that  this  fluid  rifes  wholly  through  the  alburnum,  or 

lap-wood.  But  Du  Hamel  and  fubfequent  na;uralifls  have 

proved,  that  trees  contain  another  kind  of  fap,  which  they 

have  called  the  true,  or  peculiar  juice,  or  fap  of  the  plant.  True  or  peculiar 

Whence  this  fluid  originhtes  does  not  appear  to^have  been  faP 

agreed  by  naturalifls  ;  but  I  have  offered  fome  fads  to  prove 

that  it  is  generated  by  the  leaff ;  and  that  it  differs  from  the 

common  aqueous  fap  owing  to  changes  it  has  undergone  in  its 

circulation  through  that  organ  :  and  I  have  contended  that  from 

this  fluid  (which  Du  Hamel  has  called  the  fuc  propre,  and 

which  I  will  call  the  true  fap,)  the  whole  fubflance,  which  is 

annuady  added  to  the  tree,  is  derived.  I  fhall  endeavour  in  exifts  in  the 

the  prefent  paper  to  prove  that  this  fluid,  in  an  infpiflaled  jIbu.rnum 

1,11  1  during  winters 

Itate,  or  fome  concrete  matter  depofited  by  it,  exifls  during  Its  fubfequent 
the  winter  in  the  alburnum,  and  that  from  this  fluid,  or  fub- deftmation 
fiance,  dilfolved  in  the  afcending  aqueous  fap,  is  derived  the  pointed  out’ 
matter  which  enters  into  the  compofition  of  the  new  leaves  in 
tire  fpring,  and  thus  furnifhes  thofe  organs,  which  were  not 
wanted  during  the  winter,  but  which  are  effential  to  the 
further  progrels  of  vegetation. 

Few  perfons  at  all  converfant  with  timber  are  ignorant,  that  Tjlat  w;nteror 

the  alburnum,  or  fap-wood  of  trees,  which  are  felled  in  the  autumn  felled 

autumn  or  winter,  is  much  ftiperior  in  quality  to  that  of  other  w,ood  bas  lts 

,  r  '  r  ,  .  .  ?  n  \  a.burnum  more 

trees  of  the  fame  fpecies,  which  are  luffered  to  Hand  till  the  firm,  &c. 

fpring,  or  fummer  :  it  is  at  once  more  firm  and  tenacious  in 

its  texture,  and  more  durable.  Fhis  fuperiority  in  winter-  commonly  at- 

felled  wood  has  been  generally  attributed  to  the  abfence  of  the  tl,1!>uted  t0,  t^c 
_  ,  r  r  »  ,  abfence  of  the 

fap  at  that  leafon  ;  but  the  appearance  and  qualities  of  the  lap : 

*  See  Phil.  Tranf.  of  1801,  page  336. 
f  Philof.  Traiii.  1803,  p.  88. 
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— but  probably 
to  its  prefence. 


Full  grown 


wont!  feem  more  juftly  to  warrant  the  conclufion,  that  fom6 
fubffance  has  been  added  to,  indead  of  taken  from  it,  and 
many  circumffances  induced  tne  to  fufpect  that  this  fubffance 
is  generated,  and  depofited  within  it,  in  the  preceding  fummer 
and  autumn. 

Du  Hamel  has  remarked,  and  is  evidently  puzzled  with  the 
moll Splentifuby, c*rcumdancei  that  trees  perfpire  more  in  the  month  ofAuguft, 
when  the  leaves  are  full  grown,  and  when  the  annual  llioots 
have  ceafed  to  elongate,  than  at  any  earlier  period;  and  we 
cannot  fuppofe  the  powers  of  vegetation  to  be  thus  actively 
employed,  but  in  the  execution  of  fome  very  important  opera* 
tion.  Bulbous  and  tuberous  roots  are  almoft  wholly  generated 
after  the  Leaves  and  ftems  ©f  the  plants,  to  which  they  belong. 


vegetable. 


- — and  at  this 
period  the  ve¬ 
getative  powers  .  j  o~ 

appear  to  be  cm-  have  attained  their  full  growth;  and  I  have  conftanlly  found, 

creafin^the"  ,n  practice  as  a  farmer,  that  the  produce  of  my  meadows  has 
growth  of  the  been  immenfely  increased  when  the  herbage  of  the  preceding 
year  had  remained  to  perform  its  proper  ollice  till  the  end  of 
(he  autumn,  on  ground  which  had  been  mowed  early  in  the 
fummer.  Whence  I  have  been  led  to  imagine,  that  the  leaves, 
both  of  trees  and  herbaceous  plants,  are  alike  employed,  during 
the  latter  part  of  the  fummer,  in  the  preparation  of  matter 
calculated  to  afford  lood  to  the  expanding  buds  and  bloflfoms 
of  the  fucceeding  fpring,  and  to  enter  into  the  compofition  of 
new  organs  of  affimilation. 

It  the  preceding  hypothefis  be  well  founded,  we  may  expe6l 
ur  iuu„u  un  fome  change  will  gradually  take  place  in  the 

the  aqueous  fap  qualities  of  the  aqueous  fap  of  trees  during  its  afeent  in  the 
bc  a!tered  ipring;  and  that  any  given  portion  of  winler.felled  wood  will 
at  the  fame  time  poflels  a  greater  degree  of  fpecific  gravity, 
and  yield  a  larger  quantity  of  extractive  matter,  than  the  fame 
quantity  of  wood  which  has  been  felled  in  the  fpring  or  in  the 
early  part  of  the  fummer.  To  afeertaih  thefe  points  I  made 
the  experiments,  an  account  of  which  1  have  now  the  honour 
to  lay  before  you. 

As  early  ii>  the  laft  fpring  as  the  fap  *had  rifen  in  the  fyca- 
mor^in^prmg*  more  anc^  Birch,  I  made  incifions  into  the  trunks  of  thofe- 
gave  fap  moft  trees,  fome  clofe  to  the  ground,  and  others  at  the  elevation  of 
aqueous  near  the  feven  feet,  and  I  readily  obtained  from  each  incilion  as  much 

denfer  and  more  lap  as  I  wanted.  Afcertaining  the  fpecific  gravity  of  the  fap 
faccharine  the  each  tree,  obtained  at  the  different  elevations,  I  found  that 

higher  up*  c  \  C  \  r  *i  ••  •  y  r 

oi  the  lap  oi  the  (ycamore  with  very  little  variation,  in  difr 

ferent 


If  this  be  the 
cafe,  it  fhould 
be  found  that 


in  its  afeent ; 
and  the  winter 
i e i led  wood  will 
be  denfer. 


Experiments. 
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ferent  trees,  to  be  1.004  when  extradted  clofe  to  the  ground, 

&nd  1.008  at  the  height  of  feven  feet.  The  fap  of  the  birch 
was  fomewhat  lighter;  but  the  increafe  of  its  fpecific  gravity, 
at  greater  elevation,  was  comparatively  the  fame.  When  ex¬ 
tracted  near  the  ground  the  fap  of  both  kinds  was  almoft  free 
from  taffe;  but  when  obtained  at  a  greater  height,  it  was 
fenfibly  fweet.  The  fhortnefs  of  the  trunks  of  the  fycamore 
trees,  which  were  the  fubjefls  of  my  experiments,  did  not 
permit  me  to  extra6t  the  fap  at  a  greater  elevation  than  feven 
feet,  except  in  one  inftance,  and  in  that,  at  twelve  feet  from 
the  ground,  I  obtained  a  very  fweet  fluid,  whole  fpecific  gra¬ 
vity  was  1.012. 

I  conceived  it  probable,  that  if  the  fap  in  the  preceding  cafes  The  fap  firft 
derived  any  confiderable  portion  of  its  increafed  fpecific  gra- 
vity  from  matter  previoufly  exifling  in  the  alburnum,  I  fliou Id  thews  that  its 
find  fome  diminution  of  its  weight,  when  it  had  continued  to  aug^entatio/i 
flow  (ome  days  from  the  fame  incifion,  becaufe  the  alburnum  in  matter  in  the 
the  vicinity  of  that  incifion  would,  under  fuch  circumfiances,  alburnum, 
have  become  in  fome  degree  exhaufled :  and  on  comparing 
the  fpecific  gravity  of  the  fap  which  had  flowed  from  a  recent 
and  an  old  incifion,  I  found  that  from  the  old  to  be  reduced  to 
1.002,  and  that  from  the  recent  one  to  remain  1.004,  as  in  the 
preceding  cafes,  the  incifion  being  made  clofe  to  the  ground. 

Wherever  extracted,  whether  clofe  to  the  ground,  or  at  fome 
diliance  from  it,  the  fap  always  appeared  to  contain  a  large 
portion  of  air. 

In  the  experiments  to  difcovcr  the  variation  in  the  fpecific  It  is  difficult  to 

gravity  of  the  alburnum  of  trees  at  different  feafons,  fome  rnake  expe"' 
07  merits  ort  the 

obftacles  to  the  attainment  of  any  very  accurate  refults  pre-  deniity  or  fp. 
fenled  themfelves.  The  wood  of  different  trees  of  the  fame  Suavity  ot  the 
fpecies,  and  growing  in  the  fame  foil,  or  that  taken  from 
different  parts  of  the  fame  tree,  pofleffes  different  degrees  of 
folidity;  and  the  weight  of  every  part  of  the  alburnum  ap¬ 
pears  to  increafe  with  its  age,  the  external  layers  being  the 
lighted.  The  folidity  of  wood  varies  alio  with  the  greater  or 
lefs  rapidity  of  its  growth.  Thefe  lources  of  error  might  ap¬ 
parently  have  been  avoided  by  cutting  off’,  at  different  feafons, 
portions  of  the  fame  trunk  or  branch:  but  the  wound  thus 
made  might,  in  fome  degree,  have  impeded  the  due  progrefs 
of  the  fap  in  its  afcent,  and  the  part  below  might  have  been 
made  heavier  by  the  flagnation  of  the  fap,  and  that  above 

lighter 
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Spring  and  com¬ 
paring  them. 


The  winter 
felled  wood  was 
den  fed  after 
feafoning. 


4  \ 

By  felling  poks*  ^.v  P'ivafion  of  its  proper  quantity  of  nutriment.  The 

in  an  oak  coppice 111  eligible  method  therefore,  which  occurred  to  me,  was  to 
1,1  h cl  and  mark  in  the  winter  fome  of  the  po.'cs  of  an  oak 
coppice,  where  all  are  of  equal  pge,  and  where  many,  of  the 
tame  fize  and  growing  with  equal  vigour,  fpring  from  the 
tame  ftool.  One  halt  of  the  poles  which  I  marked  and  num- 
beied  were  cut  on  (he  ,31ft  of  December,  1803,  and  the 
remainder  on  the  15th  of  the  following  May,  when  the  leaves 
were  nearly  half  grown.  Proper  marks  were  put  to  diftinguifh 
tue  winter. felled  from  the  hummer-felled  poles,  the  bark  being 
ieft  on  all,  and  a’l  being  placed  in  the  fame  fituation  to  dry. 

In  the  beginning  of  Augutl  I  cut  off  nearly  equal  portions 
from  a  winter  and  lummer-felled  pole,  which  had  both  grown 
on  the  fame  (tool;  and  both  portions  were  then  put  in  a 
fituation,  where,  during  (he  (even  fucceeding  weeks,  they 
were  kept  very  warm  by  a  lire.  The  fummer-felled  wood  was, 
when  put  to  dry,  the  mod  heavy  ;  but  it  evidently  contained 
much  more  water  than  the  other,  and,  partly  at  leaft,  from 
this  caufe,  it  contracted  much  more  in  drying.  In  the  begin¬ 
ning  ol  October  both  kinds  appeared  to  be  perfectly  dry,  and 
I  then  ascertained  (he  (pecific  gravity  of  the  winter-felled 
wood  to  be  0.679,  and  that  of  the  fummer-felled  wood  to  be 
0-609  ;  after  each  had  been  immerted  five  minutes  in  water, 
by  more  than  I  his  difference  of  ten  per  cent,  was  con (iderably  more  than 
1  had  anticipated,  and  it  was  not  till  I  had  fufpended  and  taken 
of]  from  the  balance  each  portion,  at  leaft  ten  times,  that  I 
ceafed  to  believe  that  fome  error  had  occurred  in  (he  experi¬ 
ment:  and  indeed  I  was  not  at  laft  fatisfied  till  I  had  afeertained 
by  means  of  compaftes  adapted  to  the  meafurement  of  folids, 
that  tiie  winter-felled  pieces  of  wood  were  much  lefs  than  the 
others  which  they  equalled  in  weight. 

The  difference  The  pieces  of  wood,  which  had  been  the  fubjefts  of  thefe 
wa$  not  cjuite  lo  .  J 

much  in  the  experiments,  were  again  put  to  dry,  with  other  pieces  of  the 
newly  formed  fame  poles,  and  I  yefterday  afeertained  (he  (pecific  vravitv  of 
both  with  Icarcely  any  variation  in  the  refult.  But  when  I 
omitted  the  medulla,  and  parts  adjacent  to  it,  and  ufed  the 
layers  of  wood  which  had  been  more  recently  formed,  I  found 
the  1  pecific  gravity  of  the  winter-felled  wood  to  be  only  0.583, 
and  (hat  of  the  fummer-felled  to  be  0.533;  and  trying  the 
lame  experiment  with  fimilar  pieces  of  wood,  but  taken  from 


poles 
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poles  which  had  grown  on  a  different  (tool,  the  fpecific  gravity 
of  the  winter-felled  wood  was  0.588,  and  that  of  the  fummer- 
felled  0.534. 

It  is  evident  that  the  whole  of  the  preceding  difference  in  The  winter 
the  Specific  gravity  of  the  winter  and  fummer-felled  wood 
might  have  arifen  from  a  greater  degree  of  contra£fion  in  the  tion  of  extratt. 
former  kind,  whilff  drying ;  I  therefore  proceeded  to  afcertain 
whether  any  given  portion  of  if,  by  weight,  would  afford  a 
greater  quantity  of  ext'ra&ive  matter,  when  iteeped  in  water* 

Having  therefore  reduced  to  (mall  fragments  1000  grains  of 
each  kind,  I  poured  on  each  portion  fix  ounces  of  boiling 
water;  and  at  the  end  of  twenty-four  hours,  when  the  tem¬ 
perature  of  the  water  had  funk  to  60°,  I  found  that  the  winter- 
felled  wood  had  communicated  a  much  deeper  colour  to  the 
water  in  which  it  had  been  infufed,  and  had  raifed  its  fpecific 
gravity  to  1.002.  The  fpecific  gravity  of  the  water  in  which 
the  fummer-felled  wood  had,  in  the  fame  manner,  been  infufed 
was  1.001.  The  wood  in  all  the  preceding  cafes  was  taken 
•  from  the  upper  parts  of  the  poles,  about  eight  feet  from  the 
ground. 

Having  obferved,  in  the  preceding  experiments,  that  the  fap  Probability  that 

of  the  fycamore  became  fpecifically  lighter  when  it  had  con*  *h!S *aP  1S  ex” 

.  r  r  r  .  . .  harmed  more  or 

tinued  to  flow  during  leveral  days  from  the  fame  mcifion,  I  lets  by  the  leaves 

concluded  that  the  alburnum  in  the  vicinity  of  fuch  incifion  had  and  ^oov.s. 
been  deprived  of  a  larger  portion  of  its  concrete  or  infpifiated 
lap  than  in  other  parts  of  the  fame  tree;  and  I  therefore  fu fi- 
petded  that  I  fhould  find  fimilar  effedls  to  have  been  produced 
by  the  young  annual  fhoots  and  leaves ;  and  that  any  given 
weight  of  the  alburnum  in  their  vicinity  would  be  found  to  con¬ 
tain  lefs  extradlive  matter  than  an  equal  portion  taken  from 
the  lower  parts  of  the  fame  pole,  where  no  annual  fhOots  o? 
leaves  had  been  produced. 

No  information  could  in  this  cafe  be  derived  from  the  dif-  Experiment 

ference  in  the  fpecific  gravity  of  the  wood;  becaufe  the  tub-  jkewed  that  they 
n  r  .  °  1  .  leave  a  certain 

fiance  of  every  tree  is  molt  denfe  and  (olid  in  the  lower  parts  portion  of  ex- 

of  its  trunk;  and  I  could  on  this  account  judge  only  from  thetra<^  in  the 

.  r  ...  ,  .  J r  ,  trunk. 

quantity  ot  extractive  rnattei  which  equal  portions  of  the  two 
kinds  of  wood  would  afford.  Having  therefore  reduced  to 
pieces  feveral  equal  portions  of  wood  taken  from  different 
parts  of  the  fame  poles,  which  had  been  felled  in  May,  I  poured 
on  each  portion  an  equal  quantity  of  boiling  water,  which  I 

fleered 
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differed  (o  remain  twenty  hours,  as  in  the  preceding  experi¬ 
ments  :  and  I  then  found  that  jn  fome  inftances  the  wood  from 
the  lower,  and  in  the  others  that  from  the  upper  parts  of  the 
poles,  had  given  to  the  water  the  deepeft  colour  and  greateft  de¬ 
gree  of  fpecific  gravity ;  but  that  all  had  afforded  much  extrac¬ 
tive  matter,  though  in  every  indance  the  quantity  yielded  was 
much  lets  than  1  had,  in  ail  cafes,  found  in  limilar  infufions  of 
winter-felled  wood. 


Hence  many 
trees  have  a  fuc- 
ceflion  of  leaves 
■and  buds. 


It  appears,  therefore,  that  the  refervoir  of  matter  depofited 
In  the  alburnum  is  not  wholly  exbaufted  in  the  fucceeding 
Spring:  and  hence  we  are  able  to  account  for  the  feveral  fuc- 
ceflions  of  leaves  and  buds  which  trees  are  capable  of  producing 
when  thofe  previoufly  protruded  have  been  deflroved  by 
in  feels,  or  other  caufes ;  and  for  the  extremely  luxuriant  flioots, 
whicii  often  Ipring  from  the  trunks  of  trees,  whofe  branches. 


have  been  long  in  a  date  of  decay. 

The  matter  in  ^  have  alfo  lome  reafons  to  believe  thaf  the  matter  depofited 
the  alburnum  in  the  alburnum  remains  unemployed  in  fome  cafes  during 

aafv^for 'feveral  ^evera*  fuccefiive  years:  it  does  not  appear  probable  that  it 
jears.  can  be  all  employed  by  trees  which,  after  having  been  tranf- 

planted,  produce  very  few  leaves,  or  by  thofe  which  produce 
neither  bloffoms  nor  fruit.  In  making  experiments  in  1802, 
to  afeertain  the  manner  in  which  the  buds  of  trees  are  repro¬ 
duced,  I  cut  off  in  the  winter  all  the  branches  of  a  very  large 
old  pear  tree,  at  a  fmall  didance  from  the  trunk ;  and  I  pared 
oflf,  at  the  fame  time,  the  w'hole  of  the  lifelefs  external  bark. 

t^eai  tie”811  ^  tree*  *  liave  £ooc*  rea^on  to  believe,  fomewhat 

exceeded  two  centuries:  its  extremities  were  generally  dead; 

and  it  afforded  few  leaves,  and  no  fruit;  and  I  bad  long  ex- 
jTetted  every  fucceffive  year  to  terminate  its  exiflence.  After 
being  deprived  of  its  external  bark,  and  of  all  its  buds,  no 
marks  of  vegetation  appeared  in  the  fucceeding  fpring,  or 
early  part  of  the  fumnier;  but  in  the  beginning  of  July  nu¬ 
merous  buds  penetrated  through  the  bark  in  every  part,  many 
leaves  of  large  fize  every  where  appeared,  and  in  the  autumn 
every  part  was  covered  with  very  vigorous  flioots,  exceeding, 
in  the  aggregate,  two  feet  in  length.  The  number  of  leaves 
which,  in  this  cafe,  (prang  at  once  from  the  trunk  and 
branches  appeared  to  me  greatly  to  exceed  the  whole  of  thofe 
which  the  tree  had  born  in  the  three  preceding  feafons ;  and  I 


£ 


cannot 
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cannot  believe  that  the  matter  which  compofed  thefe  buds  and 
leaves  could  have  been  wholly  prepared  by  the  feeble  vegeta¬ 
tion  and  fcant\  foliage  of  the  preceding  year. 

But  whether  the  fubftance  which  is  found  in  the  alburnum  it  is  ftrongly 

of  winter- felled  trees,  and  which  difappears  in  part  in  the  prp^able;  that: 
r.  ,  .  .  ,  i-  this  matter  com* 

lpring  and  early  part  ot  the  fummer,  be  generated  in  one  or  pofes  the  leaf, 

in  leveral  preceding  years,  there  feem  to  be  ftrong  grounds 

of  probability,  that  this  fubftance  enters  into  the  compofition 

of  the  leaf:  for  we  have  abundant  reafon  to  believe  that  this 

organ  is  the  principal  agent  of  affimilation;  and  fcarcely  any 

thing  can  he  more  contrary  to  every  conclufion  we  fhould 

draw  from  analogical  reafoning  and  comparifon  of  the  vegetable 

with  the  animal  economy,  or  in  itfelf  more  improbable,  than 

that  the  leaf,  oi  any  other  organ,  fhould  fingly  prepare  and 

aftimilate  immediately  from  the  crude  aqueous  fap,  that  matter 

which  com  pofes  itfelf. 

It  has  been  contended  *  that  the  buds  themfelves  contain  It  is  not  llkeJy 
the  nutriment,  neceftary  for  the  minute  unfolding  leaves ;  but tlaat  thcy  are  , 

r  i  fupported  by  dm 

trees  pollels  a  power  to  reproduce  their  buds,  and  the  matter  crude  fap, 
neceflary  to  form  thefe  buds  nnift  evidently  be  derived  from 
fome  other  fource:  nor  does  it  appear  probable  that  the  young 
leaves  very  foon  enter  on  this  office:  for  the  experiments  of 
Ingenhouz  prove  that  their  a6tion  on  the  air  which  furrounds 
them  is  very  eftbntially  different  from  that  of  full  grown 
leaves.  It  is  true  that  buds  in  many  inftances  will  vegetate, 
and  produce  trees,  when  a  very  fmall  portion  only  of  albur¬ 
num  remains  attached  to  them;  but  the  firft  efforts  of  vege¬ 
tation  in  fuch  buds  are  much  more  feeble  than  in  others  to 
which  a  larger  quantity  of  alburnum  is  attached,  and  therefore 
we  have,  in  this  cafe,  no  grounds  to  fuppofe  that  the  leaves 
derive  their  firft  nutriment  from  the  crude  fap. 

It  is  alfo  generally  admitted,  from  the  experiments  of  Seeds  are  thus 

Bonnet  and  Du  Hamel,  which  I  have  repeated  with  the  fame  n°unfhed  not 

r  .  from  the  foil, 

refult,  that  in  the  cotyledons  of  the  feed  is  depoftted  a  quantity  but  from  matter 
of  nutriment  for  the  bud,  which  every  feed  contains;  and  depofited  in  the 
though  no  vcffels  can  be  traced  +  which  lead  immediately  C°  y  °  * 

from  the  cotyledons  to  the  bud  or  plumula,  it  is  not  difficult  to 
point  out  a  more  circuitous  paffage,  which  is  perfectly  fimilar 
to  that  through  which  I  conceive  the  Dp  to  be  carried  from  the 


*  Thomfon's  Chemiftry, 


f  Iledwig. 
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leaves  to  the  buds,  in  the  fubfcquent  growth  of  the  tree;  and 
I  am  in  poffefli on  of  many  fa<5ts  to  prove  that  feetlling  trees, 
in  (Ik*  RiR  Rage  of  their  exiftence,  depend  entirely  on  the 
nutriment  allordcd  by  the  cotyledons;  and  that  they  arc 
grea.ly  injured,  and  in  many  infiances  killed,  by  being  put  to 
vegetate  in  rich  mould. 

% 

( To  be  concluded  in  the  Supplement.) 


III. 


Deliquefcer.ee 
and  efflorefcence 
are  occafioned  by 
the  relative  at¬ 
tritions  of  the 
air  and  of  each 
fait  for  water. 


On  the  Deliquefcencc  and  Efflorefcnce  of  Salts.  By  C .  L.  C  a  d  et.4 

A 


The  difference 
between  one  fait 
and  another  has 
been  noticed, 
but  not  the  va¬ 
riations  from  the 
Hate  of  the  air, 
&c. 


Hypothefes  that 
deliquefeent  falts 
fhould  attract 
water  in  propor¬ 
tion  as  the  hy¬ 
grometer  indi¬ 
cated  its  pre¬ 
fence. 

Barometrical 
changes  and 


LL  chemffis  are  of  the  fame  opinion  relative  to  the  caufe 
ol  the  deliquefcence  or  the  efflorefcence  of  a  fait.  The  at¬ 
traction  ot  the  fait  for  the  water  contained  in  the  almofphere 
occafions  the  RrR  phenomenon,  the  attra&ion  of  the  atmof- 

pheric  air  for  the  water  of  cryfiallization  of  the  fait  caufes  the 
fecond. 

This  attraflion  has  been  found  to  vary  in  the  different  falts, 
whether  deliquefeent  or  efflorefeent,  to  be  flronger  in  fome 
kinds,  and  more  fpeedy  in  others;  but  no  one  has  yet  obferved 
whether  it  had  any  dependence  on  the  confiitution  of  the  at- 
mofphere,  the  ele£fric  Rate  of  the  air,  the  quantity  of  caloric 
it  contained,  if  it  was  always  the  fame  in  any  one  fait,  and  if 
it  regularly  became  weaker  in  proportion  as  faturation  ap¬ 
proached,  neither  have  any  tables  been  yet  prepared,  which 
might  indicate  the  degree  of  deliquefcence,  or  of  efflorefcence 
of  the  different  (alts. 

Of  the  hypothefes  which  could  be  made  on  thefe  pheno¬ 
mena,  the  following  feemed  moR  probable. 

The  falts  which  deprived  the  air  of  its  humidity  ought  to 
a&  in  this  refpetf  in  proportion  to  the  quantity  of  water  which 
the  air  held  in  toiution  or  in  fufpenRon.  The  greater  the  hu¬ 
midity  of  the  air,  the  more  fhould  the  deliquefeent  falts  aug¬ 
ment  in  weight,  fo  that  the  degree  of  their  weight  fhould  be 
conformable  to  the  progrefs  of  the  hygrometer. 

On  (he  ot  her  hand  atmofpheric  preflurc,  which  more  or  lefs 
oppofes  evaporation,  ought  to  have  an  influence  on  thefatura- 
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lion  of  the  falls,  fince  it  caufes  the  denhty  of  the  air  to  vary; 
confequenlly  there  tliould  be  an  agreement  between  the  vari¬ 
ations  of  the  barometer  and  the  deliquefcence  of  falts. 

The  variations  of  temperatures,  by  dilating,  or  by  conden - thermometri. 

Ting  the  mafs  of  the  atmofphere,  fliould  alfo  occafion  changes  cal  a|f° 
in  the  proportion  of  water  abforbed  by  the  falts,  on  which  ac-  ence.^  1  m^U 
count  it  would  be  uleful  to  obferve  the  thermometer. 

I  thought  moreover  that  one  fait  had  not  only  more  or  lefs  Deliquefcent 
attra&ion  for  the  water  contained  in  the  air  than  another,  but  falts  Ihould  at- 
that  this  attraction  varied  likewife  in  the  fame  fait  in  proportion  Jeaft  foturated.^ 
as  it  had  loft  or  abforbed  water.  I  hoped  by  thus  comparing 
the  deliquefcence  and  efflorefcence  of  falls  with  the  hate  of 
the  different  meteorological  inhruments,  to  obtain  refults  fuffi- 
ciently  conftant  to  eftablifli  a  theory  of  deliquefcence  or  ef¬ 
florefcence.  I  hoped  alfo  to  be  able  to  ufe  the  falts  themfelves 
as  inflraments  of  meteorological  obfervation  ;  but  experience  Experience  aid 

proved  that  reafoning  apparently  founded  on  the  trueft  theory  notconfirna 

.  ,  °  11  .  J  .  ,  .  _  J  thefe  pofitiofts. 

frequently  deceives  expectation.  It  is  neverthelefs  neceffary 

to  attend  to  negative  faffs,  which  fometimes  areas  ferviceable 

to  fcience  as  thole  of  a  pofitive  nature. 

I  did  not  find  a  tingle  fait  which  feemed  to  have  the  lead  None  of  the  falts 

conformity  with  the  hate  of  the  barometer,  hygrometer,  or  aPPeared  t0  §airi 
,  _  i  r  r  or  lole  weight  in, 

thermometer.  On  the  lame  day  many  falls  increafed  conhder-  conformity  to 

ably  in  weight,  while  others  indicated  a  flow  progrefs.  Some  meteonc 

had  but  a  fmall  attraction,  when  the  hygrometer  fhewed  a  th:in=e 

great  degree  of  humidity,  and  were  moh  deliquefcent  when 

the  air  feemed  moh  dry.  Atmofpheric  prehure  never  had  the 

Jeah  agreement  with  the  increafe  of  weight  of  a  fait,  and  the 

thermometer  having  varied  but  half  a  degree  during  the  courfe 

of  the  experiments,  does  not  furnifh  any  obfervation  on  the 

influence  of  temperature.  It  is  therefore  impoffible  to  explain 

by  the  meteorological  changes  any  of  the  variations  which  I 

©bferved  in  the  deliquefcence,  or  the  efflorefcence  of  falts. 

,  t 

Ffflorefcent  Salts . 

1  weighed  exa&ly  2S8  grains  of  fulphate  of  foda,  of  phof-  E  xperlments. 
phate  of  foda,  and  of  carbonate  of  foda,  which  three  falls  are 
conhdered  as  the  moh  efflorefeent,  and  placed  them  in  a  dry  phofphate  and 
and  airy  htuation,  after  having  carefully  dried  the  capfules  ^lbo°f*]te  ot  foda 
which  contained  them.  I  put  alfo  in  the  fame  place  an  hygro¬ 
meter,  a  barometer,  and  a  thermometer :  the  three  falts  (hewed 
the  following  refults. 
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Lofs  of  Weight 
in  each  by  efflo¬ 
rescence. 


/ 

Left  to  efflorefce. 
Sulphate  of  foda  -  61  days 

Phofphate  of  foda  -  39 

Carbonate  of  foda  -  51 


Loft. 

-  203  grains  of  water. 

91 

86' 


It  fhould  feem  from  this  table  that  thefe  three  falts  ought  to 
be  clafTed  in  the  preceding  order;  but  it  muff  be  obferved  that 
falls  contain  more  or  lefs  water,  in  proportion  as  they  cry (lal- 
Confiderations  ize  flowfy  or  rapidly.  The  number  of  days  which  were  em- 

fosrns^to  indicate  P^°yec^  die  efflorefcence  of  thefe  falts  (hould  vary,  both  in 

no  ufeful  refult  proportion  to  the  water  they  contained,  and  to  the  extent  of 

in  deliquefcent  fflrface  which  they  expofed  to  the  action  of  the  furrounding 
falts  expofed.  ,  y  r .  .  . 

air;  and  therefore  the  time  or  their  efflorefcence  can  give  no 

appreciation  of  the  force  of  their  attraction  for  water.  This 

reflexion  prevented  my  making  experiments  on  any  more  ef- 

florefcent  falts. 


Deliquefcent  Salts. 

I  took  288  grains  of  each  of  the  falts  in  the  following  table, 
(which  are  very  fenfibly  deliquefcent,  fmce  they  all  abforbed 
more  than  half  their  weight  of  water),  and  placed  each  of 
them  in  a  dried  capfule,  along  with  the  before-mentioned  me¬ 
teorological  inffruments,  in  a  damp  fituation,  and  after  150 
days  of  obfervations  noted  what  is  included  in  the  table. 


A  Table  of  Deliquefcent  Salts,  in  the  Order  of  their  Attraction, 
eftimated  by  the  Quantity  of  Water  abforbed. 


Table  of  the  Acetite  of  potafh 
increafe  of  Muriate  of  lime 

,9  different  fpc-  MurIale  °>  manganefe 

cies,  and  the  Nitrate  of  manganefe 

tin-, t.  rerpea-  Nitra(e  of  zjnc 

Nitrate  of  lime 
Muriate  of  magnefia 
Nitrate  of  copper 
Muriate  of  antimony 

Muriate  of  alumine 

Nitrate  of  alumine 
Muriate  of  zinc 
Nitrate  of  foda 
Nitrate  of  magnefia 


Days  employed  in 


their  faturation. 

Water  abforbed. 

- 

146 

700  grains. 

- 

124 

684 

- 

105 

629 

- 

89 

527 

- 

124 

495 

m 

147 

448 

«•» 

139 

441 

- 

.128 

397 

- 

124 

388 

- 

149 

342 

- 

147 

300 

- 

76 

294 

- 

137 

257 

73 

207 
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Acetite  of  altimine 

Days  employed  in 
their  faturation. 

-  104 

Water  j 

202 

Acid  fulphate  of  alumine  - 

-  121 

202 

Muriate  of  bifmuth 

-  1  14 

174 

Acid  phoiphate  of  lime 

-  93 

155 

Muriate  of  copper 

-  119 

148 

In  examining  this  (able  it  may  be  remarked  that  the  dura-  The  times  of  ac¬ 
tion  of  the  abforption  is  not  in  any  proportion  to  the  quantity :  ^ilfproportionat 
The  muriate  of  nlumine,  for  example,  took  149  days  to  abforb  to  die  quantities* 
342  grains  of  water,  while  the  nitrate  of  manganefe  took  but 
89  days  to  abforb  627  grains.  That  the  force  of  attradlion 
may  beeflimated  from  the  rapidity  with  which  the  bodies  unite 
mud  not  be  concluded  from  this ;  for  the  fame  table  thews  that 
nitrate  of  magnetia  faturated  itfelf  in  73  days,  and  only  ab- 
forbed  207  grains  of  water,  a  much  lefs  quantity  than  that  taken 
up  by  the  nitrate  of  manganefe.  Although  the  greater  or  lefs  Though  the  ra- 
facility  with  which  deliquefcent  falls  faturate  themfelves  with  tiondoes  nothin- 
water  cannot  be  accounted  for,  (tince  a  fait  half  faturated,  or  dicate  the  pro¬ 
half  deprived  of  water,  is  no  longer  the  fame  body,  and  con- 
fequently  exercifes  other  attractions  than  what  the  fame  fait  ufeful. 
does  in  its  ordinary  ftate,  or  in  a  different  ftate  of  faturation,) 
the  rapidity  pf  their  faturation  is  not  however  an  indifferent 
matter.  In  the  experiments  which  have  been  made  on  pro¬ 
ducing  artificial  cold  by  muriate  of  lime,  it  has  been  remarked 
that  the  cold  was  greater  in  proportion  as  the  ice  was  melted; 

but  it  is  probable  that  the  muriate,  and  above  all  the  nitrate  of  For  in  fiance,  tha 
r  ,  .  ,  ,  .  ,  ,  .  |  ,  ,  hits  of  manga- 

manganefe,  which  becomes  liquid  much  quicker,  w'ould  pro-  j^fg  may  pro_ 

duce  with  ice  a  more  intenfe  cold,  and  that  certain  liquors  duce  intenfe  re- 

which  have  hitherto  reltfted  coagulation,  would  be  folidified  ^rJS6ratlon* 

by  thefe  two  falls,  which  experiment  is  highly  deferving  of  a 

trial. 

In  order  to  examine  whether  deiiquefcence  depends  on  the  It  does  not  ap- 
proporlion  of  the  bafe,  or  of  the  acid  which  constitutes  the 
falls,  I  compared  with  each  other  the  different  analyfes  of  falts  pends  on  the 
publifiied  by  Bergman,  Klaproth,  Fourcroy,  and  Vauquelio,  P*^0^10^0* 
and  I  faw  that  noinduftion  could  be  from  their  compofition  ;  parts> 
for  there  are  fume  falts  which  have  the  bafe  in  a  very  confider- 
able  proportion,  and  which  are  lefs  deliquefcent  than  thofe 
whofe  bafe  is  lefs ;  and  many  others  in  which  the  acid  is  in  a 
fmall  proportion,  are  more  deliquefcent  than  thofe,  in  which 
this  principle  is  predominant.  The  nature  of  the  acids  and  of 
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—nor  on  the  pe^ 
culiar  nature  of 
the  ingredients 
themfeives. 


Generally  the 
deliquefcence 
was  moft  rapid 
when  the  fatu- 
ration  was  leail. 


Remarkable 
f'adts ;  falts 
which  lofe  part 
of  the  abforbed 
water  and  after 
wards  attradb 
more  and  en- 
creafe  till  fatu- 
ration. 


Expediency  of 
further  experi¬ 
ment*. 


Thefe  will  pro¬ 
bably  ihew  that 
meteoric  varia¬ 
tions  in  the  air 


the  bates  themfelves  do  not  throw  more  light  on  the  pheno* 
mena  of  deliquefcence  than  their  proportions;  for  there  are 
deliquefeent  falts,  the  component  parts  of  which  taken  fepa- 
rately,  have  not  any  remarkable  attra&ion  for  water,  fuch  is 
the  nitrate  of  aluminc;  while  on  (he  other  hand  the  fulphate 
of  foda  is  efflorefeent,  although  concentrated  fulphuric  acid, 
and  cauftic  foda  each  feparately  attract  humidity.  Nothing 
better  proves  this  axiom  in  chemiftr y,— Compounds  have  pro¬ 
perties  peculiar  to  themfelves ,  and  differing  from  thofe  of  their 
component  parts. 

In  general  deliquefeent  falts  encreafe  their  weight  in  a  di- 
minifhing  proportion,  according  as  they  approach  faturationj 
thus  the  acetate  of  potafh,  which  in  the  fir  ft  twenty  days  ex¬ 
hibited  the  following  progrelfion:  21.  34.  44.  54.  60.  70.  85. 
100.  110.  120.  12S.  1 38.  142.  148.  160.  169.  177.  186.  192. 
19S.  did  not  !hew  on  the  laft  twenty  days  more  than  this,  647. 
650.65o.  660.  663.  666.  669.  671.  676.  6S2.  684.  686.  688. 
690.  692.  694.  696.  698.  699.  670.  The  falts  which  were  but 
little  deliquefeent  prefented  a  lingular  phenomenon,  which 
none,  I  believe,  has  obferved  before. 

The  acid  fulphate  of  alumine,  and  the  acid  phofphate  of 
lime,  increafed  and  dimimfhed  fucceffively  m  weight. 

The  muriate  of  copper  diminifhed  during  45  days  before  it 
began  to  encreafe.  Thefe  ofcillations  and  retrograde  move¬ 
ments  take  place  but  once,  and  when  the  fait  has  abforbed  a 
certain  quantity  of  water,  there  is  a  progreflive  increafe,  al¬ 
though  flowiy,  until  its  perfect  faturation,  which  may  depend 
on  the  attraction  of  water  for  water,  an  attraction  which  is  not 
perceptible  but  in  certain  proportions. 

Theie  anomalies  deferve  to  be  obferved  again,  and  com¬ 
pared  with  experiments  made  on  other  falts  which  do  not  ex¬ 
hibit  them,  f  hey  tend  to  make  us  acquainted  with  all  the 
caufes  that  produce  effiorefcence  and  deliquefcence,  fince  they 
prefent  each  phenomenon  fucce&vely.  The  (alts  which  we 
fubmitled  to  their  aClion,  had  certainly  an  attraction  for  water 
very  little  different  from  that  of  air  in  a  medium  (late  of  heat 
and  humidity.  The  point  of  equilibrium  mult  be  decided  by 

the  ffate  of  the  a'mofphere,  or  the  (alts  would  remain  un¬ 
altered. 

I  (till  however  think  that  a  relation  exifis  between  the  me¬ 
teorological  variations  and  the  alterations  of  the  falls;  and  if  I 
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was  not  able  to  difcover  it,  without  doubt  this  wps  caufed  by  Jo  Influence  th 
the  (mall  portions  of  falts  which  I  expofed  to  the  action  of  the  c^anSts  in  ^alts 
atmofphere.  Some  chemift  more  fortunate  will  determine  it, 
by  operating  on  large  mafles,  comparing  experiments  made  in 
many  different  feafons,  and  keeping  a  regider  of  the  electrical 
date  of  the  atmofphere,  of  the  water  of  crydallization  which 
the  falts  contain,  of  their  divifion,  and  of  the  furface  which 
they  prefent  to  the  air. 

In  a  labour  which  would  require  more  than  3000  experi-  Extenfive  re- 
ments,  the  new  faCts  which  I  have  obferved  are  too  few, 
and  perhaps  too  little  important  to  engage  any  one  to  under* 
take  fuch  prolonged  and  minute  experiments;  but  I  have 
given  a  table  of  deliquefcent  falts  arranged  according  to  their 
attraction  for  water,  and  I  dare  hope,  that  the  refults  of  it 
will  not  be  altogether  ufelefs. 


fearch. 


IV. 


Account  of  the  fimple  and  eafy  Means  by  which  the  Harbour  of 
Rye  was  rcjlored ,  and  made  navigable  for  Ships  of  considerable. 

Burthen.  By  the  Rev.  Daniel  Pape*. 

Memorial  of  Rye  Harbour. 

JA.YE  Harbour,  once  fo  very  l'afe  and  convenient  for  paffing  Decayed  ftate  of 

vetfels  up  or  down  the  channel,  to  run  to  in  didrefs  or  in  pre--R"e  Haibour> 
r  .  .  in  I79b* 

carious  weather,  had  been  for  many  years,  and  from  various 

caufes,  in  a  gradual  date  of  decay,  infomuch  that  in  the 

years  (I  believe)  1795  and  1796,  it  wras  thought  neceflary  to 

fend  Captain  - ~,  from  the  Trinity-Houfe,  to  make  a 

furvey,  and  report  to  the  Board  its  then  date,  and  the  pro- Survey  and 

bability  of  its  improvement  or  redemption.  The  furvey  wasrePort> 

made,  I  believe,  with  confiderable  care  and  attention  ;  and 

the  refult  was,  that  the  harbour  was  pronounced  lod,  or  in  that  the  Harbour 

fuch  an  irreparable  decayed  date,  that  it  was  an  ufelefsWiS  lueParabie* 

expenfe  to  the  fhips  pading,  which  paid  tonnage  to  it  ;  and 

therefore  this  tonnage  was  taken  from  Rye,  and  given  to 

Ramfgate  Harbour,  leaving  however  a  relerve  in  the  hands  of 

the  comrnidioners  of  6000/. 

*  From  his  communication  to  the  Society  of  Arts,  who  voted 
Jiim  the  gold  medal.  See  their  Tranfa&ions,  Vol.  XXII, 
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IMPROVEMENT  OF  RYE  HARBOUR. 


Aivertizement 
far  plans  of  im¬ 
provement. 


The  authors 
plan  to  make  a 
Uireft  cut,  and 
dam  up  the  old 
mouth, 


The  author 
undertook  it  at 
his  own  rifque, 


and  completed 
it. 

Farther  Security 
by  a  pier  head 
and  jutties. 


It  proves  to  be 
perfectly  dura¬ 
ble. 


and  admit  fhips 
of  five  times  the 
tonnage  before 
.admitted. 


The  confequence  of  1  his  was  an  advertifement,  inviting 
any  gentleman  to  come  forward  with  plans  for  the  improve¬ 
ment  of  the  harbour,  and  the  draining  of  the  upper  levels. 
On  the  day  appointed  for  the  prefentation  of  fuch  plans,  a 
very  fenhble  letter  was  laid  before  the  Commiflioners  by  the 
Rev.  Mr.  Jaekfon,  of  Rye,  though  impracticable  on  many 
accounts, — and  alfo  a  plan  by  myfelf,  propofing  to  make  the 
prefent  cut,  and  to  form  a  dam  of  draw  or  hay  and  faggots, 
as  represented  on  the  chart,  for  the  fmall  fum  of  500/.  On 
reverting  to  the  enormous  fwns  that  had  been  already,  from 
time  to  time,  expended  by  able  engineers  to  no  purpofe,  it 
was  judged  at  the  moment  an  impoliible  attempt ;  and,  after 
politely  voting  me  their  thanks,  the  Commiflioners  Teemed  to 
decline  carrying  their  plan  into  execution. — This,  however, 
did  not  fatisfy  me;  and  therefore,  confident  of  fuccefs,  I 
undertook  to  perform  what  I  had  propofed,  or  lofe  the  money, 
without  ftipulaling  for  any  fee  or  reward  fliould  I  fucceed.  On 
entering  upon  this  agreement,  I  let  to  work,  and  choofing  a 
Mr.  Soulherden,  an  active  and  perfevering  man,  as  foreman, 
to  affift  me,  I  completed  the  work  in  three  months,  in  the 
very  depth  of  winter,  at  theexpenfeof  only  480/.  though  the 
works  were  twice  -  filled  up  with  fea-beach  by  the  tides. 
Buf,  though  this  was  done  to  the  aflonifhment  and  admiration 
of  many,  yet  there  were  evidently  an  envious  few  mortified 
and  ditappointed,  The  cut  and  dam  being  thus  finifhed,  it 
was  then  thought  neceflary,  on  my  recommendation,  to  fecure 
the  cut  from  reverting  to  its  late  reduced  Bate,  by  a  pier-head 
on  the  eaft,  and  jutties  on  the  weft  fide  of  it;  the  execution 
of  which  was  committed  to  the  eminent  fkill  of  a  Mr.  Suther¬ 
land,  who  performed  the  tr Lift  repoled  in  him,  to  the  univerfal 
fatisfaCiion  of  his  employers;  and  I  believe  the  whole  was 
completed  for  fomething  lefs  than  3000/,  in  a  very  mafterly 
and  workman-like  manner.  Of  this  I  think  there  cannot  be 
a  better  proof  adduced,  than  that  it  ftill  ftands  firm,  without 
the  leaf!  apparent  decay,  and  maintains  its  firft  pofition 
without  the  fmalleft  variation:  and  no  doubt  a  very  trifling 
annual  expenfe  will  keep  it  in  its  prefent  improved  ftate. 

The  advantages  derived  from  it  are  particularly  great;  for 
fhips  of  250  tons  burden,  and  even  vellels  of  500  tons,  run 
in  with  the  greateft  fafety  at  fpring  tides  :  whereas,  before, 
thofe  of  50  tons  could  not  come  in,  but  wifh  the  utmoft  dif¬ 
ficulty  and  danger. 

Tb*t 
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That  part  of  Romney  Marfh  too,  which  lies  contiguous,  Other  advan- 
«nd  wras  threatened  by  every  boifterous  tide  with  a  total  over-  taSes* 
flow,  is  now’  in  fafety,  and  the  drainage  of  the  levels  is 
rendered  complete. 

I  beg  leave  now  to  offer  to  your  attention  a  fhort  defcrip-  Very  eafy  and 
lion  ot  the  Dam,  the  form  and  materials  of  which  may  be  ofCon. 

ufed  with  fuccets  in  timiiar  filuations,  whether  in  places  ft  ruling  the 
adjacent  to  the  fea,  or  in  gentlemen's  fifh-ponds,  or  rivers  indam* 
the  country,  where  weirs  may  be  necetfary  for  the  prefervation  ^  double  roof 
of  the  banks.  The  dam  was  merely  formed  of  hay,  draw,  covering  of  hay. 
and  faggots,  pinned  down  to  a  foundation  of  fund  or  filt  by  fc‘  was  Pinne(i 
fliort  piles.  I  formed  it  as  in  the  chart,  of  the  fliape  of  a  foundation  of 
double-roofed  houfe,  firft  putting  dow'n  ftraw,  and  then  over  land>  &c* 
iL  hazel  faggots,  from  12  to  14-  feet  in  length,  and  afterwards 
pinning  down  the  whole  with  piles.  I  next  filled  the  (pace  The  interftice 
between  the  tw'o  roofs  with  gravel  or  fea-beach,  and  fecured  was 
this  alto  with  faggots  pinned  down  upon  it,  over  which  re- covered  with 
flftance  being  precluded  from  its  peculiar  form,  the  influx  1'ecure<^ 

and  reflux  of  the  tides  glided  to  gently,  that  confequently 
every  probability,  not  to  fay  poffibility,  was  annihilated  of  its 
being  ever  undermined  or  blown  up. 

It  was  alio  neccffary  that  this  dam  fliould  be  put  down  in  Difficulty  that 
one  tide,  and  that  the  mouth  of  the  cut  fliould  be.  opened  in  ^ °'j  niout^ 

_  *  ihould  be  doled 

the  fame  time;  for  it  was  evident  to  me,  that  it  was  impoffible  and  the  new  one 

ever  to  cut  to  fea  in  anv  other  way.  For  unlefs  the  dam  had  opened  m  one 

been  ready  to  turn  the  water  through  the  cut  as  foon  as  opened,  fingIe  t^e* 

and  the  cut,  on  the  other  hand,  ready  to  receive  the  current 

the  moment  the  dam  began  to  act,  the  whole  work  mud  have 

been  entirely  and  unavoidably  deflroyed  by  the  influx  and 

reflux  of  the  enfuing  tide.  All  this  I  clearly  forefavv  :  and  by 

procuring  a  fuflicienl  number  of  men,  nearly  three  hundred, 

the  bufincls  was  Completely  liniflied,  juft  as  the  tide  touched 

the  foot  of  the  dam  ;  and  when  it  w'as  full  fea,  the  ftraw  of 

cou-rfe  acted  as  a  receiver  aiid.  retainer  to  the  Jilt  brought  in  by  Succ„fspuj 

the  tide;  which  being  repeated  by  each  returning  tide,  the  refult. 

dam  foon  became  entirely' fixed,  beyond  a  pofubdity  of  ever 

being  deflroyed  ;  and  it  is  now  fo  entirely  covered,  that  if  the 

pier  is  kept  in  repair,  the  dam  nnift  ever  remain  unimpaired 

by  time,  and  proof  againfl  the  moft  violent  floods  of  waters. 

For  this  w'ork,  the  Commiffioners  voted  me  fifty  guineas  The  author’s 

(half  of  which  I  gave  to  my  aliiftant)  and  ailedged  thaf,  on  J^Tivaiice^aad 

account 
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attending  the  account  ot  the  lofs  of  the  tonnage,  and  the  poverty  of  the 
works :  50U  fund,  they  were  furry  it  was  not  more.  This  to  me,  under 
the(e  circumftances,  was  a  fufheient  apology,  and  I  was  con¬ 
tent.  I  now  offer  it  to  the  confideration  of  the  Society  of 
Arts,  as  a  body  in  fome  degree  interelled  in  the  profperity  of 
tins  kingdom.  Should  they  deem  what  I  have  already  re¬ 
ceived  an  adequate  compenfation  for  fuel)  a  work,  and  fuch 
an  undertaking,  at  fo  inclement  a  (eafon,  I  am  fhll  content. 
But  if  they  fhould  think  proper  to  grant  me  an  additional 
remuneration,  it  will  be  received  with  peculiar  fatisfadtion, 
and  confidered  as  a  very  great  honour  by. 

Sir, 

Your  obedient  and  humble  Servant, 

To  Charles  Taylor,  Efq.  DANIEL  PAPE.  J 

Cambridge,  Trinity  Hall , 

April  2,  1803. 

!  ‘  • 

Reference  to  the  Engraving  of  the  Rev.  Mr.  Pape’s  Improve \ 
went  of  Rye  Harbour,  Plate  XIII.  Fig.  1. 

AA.  The  double  roof,  filled  with  ftraw. 

BBB.  Hazel  faggots,  12  to  14- feet  long. 

C.  The  fpace  betwixt  the  roofs  filled  with  gravel  or  fea- 
beach. 

D.  The  faggots  which  covered  the  gravel  fo  laid. 

E.  Piles  of  wood  driven  through  the  faggots  and  ftraw  into 
earth,  at  the  bottom  of  the  river,  the  heads  of  which  piles 
are  united  by  crofs  pieces  of  wood. 

E.  The  folid  bed  of  the  river. 

G.  The  river  at  low  water. 

H.  The  high. water  mark. 

I.  The  upper  fide  of  the  dam,  which  oppofes  the  current 
of  the  river. 

K.  The  lower  fide  of  the  dam,  which  refills  the  coming-in 
of  the  tide. 

Fig.  2.  L.  Shows  the  place  where  the  dam  was  placed. 

M.  The  old  courfe  of  the  river  reprefented  by  dotted  lines, 
and  which  is  now  filled  up  with  gravel  by  the  tide. 

N.  The  new  canal,  cut  by  Mr.  Pape’s  direftions,  and 
^yhich  is  now  the  regular  channel  for  fhipping. 


I 
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O.  The  pier-head,  on  the  eaft  fide  of  Mr.  Pape’s  cut. 

PP.  The  two  jutties,  on  the  weft  fide  of  Mr.  Pape’s  cut. 
RR.  The  former  canal,  cut  under  the  direction  of  Mr. 
Smeaion,  and  other  able  engineers;  but  which  failed,  and  is 
lince  blocked  up  by  a  bank  made  acrofs  it,  over  which  the 
prefent  high  road  between  Rye  and  Winchelfea  palfes. 


V. 

Xciv  Experiments  on  the  Ixefpiration  of  Atmofpheric  Air,  prin¬ 
cipally  xvith  regard  to  the  Ahforption  of  Azote,  and  on  the 
Ixefpiration  of  the  Gafeous  Oxide  of  Azote.  B^/  Frofejfor 
Pfaff,  of  Kiel  *. 

Th  e  great  difeoveries  in  pneumatic  chemiftry,  the  ingenious  Short  hiftory  of 

and  nfeful  applications  of  thefe  difeoveries  to  explain  the  ^iemicaf  re~ 

.  .  *  iearches  con- 

phenomena  of  organized  beings,  particularly  the  animal  cerning  refyira* 
economy,  and  the  valuable  refearches  of  eminent  philofophers  t‘on* 
have  greatly  contributed  to  throw  light  on  the  dodtrine  of  the 
chemical  effedh  of  refpiration.  In  confequence  of  thefe 
refearches,  phifiologifts  are  in  general  agreed  with  regard  to 
the  raoft  eftential  points  of  this  dodtrine;  fuch  as  the  produc¬ 
tion  of  carbonic  acid,  the  life  of  oxigen  gas,  and  the  animal 
beat  which  rcfults  from  its  abforption.  But  the  adti vity  of 
philofophical  enquirers  has  not  yet  fueceeded  in  removing  all 
the  obfeurities  of  this  fubjedt,  and  the  difagreement  between 
the  refults  of  various  experiments  relating  to  them,  lufficiently 
Ihew,  that  new  enquiries  are  requifite  to  afeertain  the  fources 
of  fuch  errors  as  ftill  continue,  and  to  remove  them  altogether. 

The  experiments  of  the  celebrated  Davy  have  done  much  Payy on 
in  this  refpedt,  and  the  refearches  on  the  nitrous  oxide  afford  nur0US  oxlt3c* 
a  new  epocha  in  the  chemical  dodtrine  of  refpiration.  The 
celebrated  editors  of  the  Bibliotheque  Bi  ittannique,  have 
fhewn  their  convidtion  of  the  great  value  of  thefe  refearches, 
by  the  ample  and  inftrudlive  extradl  they  have  given,  and  the 
manner  in  which  Berthollet  in  the  45th  volume  of  the  Annales 
de  Chemie  has  given  an  account  of  the  fame,  has  fufficiently 
fixed  the  attention  of  philofophers  on  that  excellent  work. 

*  This  memoir  was  addtefled  to  the  French  National  Inftitute, 

5U)d  read  at  their  fitting  of  the  25th  of  MeiTidor  laft  (July  13.) 

The 
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The  differences  which  exifted  in  the  refults  of  former  ex* 
periments,  as  to  tiie  quantity  of  carbonic  acid  produced  in 
the  adl  of  refpiration  were  Jefs  important,  and  might  entirely 
depend  on  the  conftitution  of  the  different  individuals  upon 
whom  the  experiments  were  made ;  and  under  this  point  of 
view,  a  revifion  of  the  experiments  was  lefs  neceflary. 
But  the  part  which  is  performed  by  azote  gas  in  the  a<5t  of 
relpiration  has  been  too  little  attended  to.  It  has  been 
generally  fuppofed  to  be  altogether  without  activity.  Goodwin 
alone  thought  he  had  obferved  a  confiderable  abforption  of 
azote  gas ;  but  his  experiments  were  not  made  with  all  the 
neceflary  accuracy,  and  were  too  diredtly  oppofite  to  the 
experiments  of  Lavoilier,  Seguin,  Abernefhy,  FothergiH, 
Azote  necefiary  Menzies,  &c.  to  fix  the  attention.  The  experiments  on  the 

for  the  flow  n  r  .... 

ccmbuftion  of  How  combuition  ot  pholphorus,  which  does  not  lucceed  in 

phofphorus.  pure  oxigen  gas,  but  is  fo  greatly  forwarded  by  the  prefence 

of  the  azote  gas  of  atmolpheric  air,  Anew  to  a  certain  degree 
the  advantages  which  this  great  quantity  of  azote  gas  is  likely 
to  produce  in  refpiration  ;  and  the  unfortunately  too  concife 
refults  of  the  laft  experiments  of  the  immortal  Lavoifier  on 
refpiration,  in  which  it  was  found,  that  a  much  greater 
mats  of  oxigen  gas  is  decorapofed  in  the  fame  time  by  ref¬ 
piration  in  atmofpheric  air  than  in  oxigen  gas,  ftand  in  con¬ 
firmation  of  the  former  fadt.  But  hitherto  we  have  poflefied 
only  probabilities,  or  refults  not  fuffieiently  connected  with  the 
fubjedt.  To  Davy  it  is  that  vve  are  indebted  for  an  exadt 
and  inconteftible  knowledge  of  the  active  part  which  azote 
gas  performs  in  the  procefs  of  refpiration.  But  in  proportion 
to  the  novelty  and  interefting  nature  of  thefe  refults  do  they 
require  to  be  confirmed  by  the  experiments  of  others ;  and 
it  was  in  this  point  of  view  that  I  undertook  laft  winter  a 
'  feries  of  experiments  upon  refpiration  in  atmofpheric  air, 
and  alfo  in  the  gafeous  oxide  of  azote  ;  the  principal  refults 
of  which  I  now  venture  to  communicate  to  the  National 
Inftitute. 

Experiments  on  the  Eefpiration  of  Atmofpheric  Air ,  and 

Oxigen  Gas. 

Experiments  of  All  the  following  experiments  were  made  in  the  academical 
relpiration.  laboratory  of  the  Univerfity  of  Kiel,  which  is  provided  with 
all  the  accurate  apparatus  of  modern  chemiflry.  They  were 
:  made 
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made  for  the  mod  part  in  the  prefence  of  my  pupils,  par¬ 
ticularly  one  named  Dierks ,  who  was  m oft  commonly  the  fub- 
jeft  of  experiment. 

In  order  to  determine  with  precifton  the  changes  which 
atmofpheric  air  undergoes  by  refpiration,  and  to  decide  re- 
fpecling  the  abforption  of  azote  gas,  we  muft  begin  with 
alcertaining  the  diminution  which  a  given  volume  of  air 
undergoes  by  refpiration.  Thisfiift  point  was  to  be  determin¬ 
ed  by  accurate  experiments. 

1.  The  quantity  of  170  duodecimal  cubic  inches  of  Paris*  Quantity  of 
were  refpired  from  one  of  the  great  refer  voir  $  of  a  gafometer,  ^er^one  by 
conftructed  at  Paris  after  the  model  of  that  of  Charies,  over  air  by  the 

water  covered  with  oil,  to  prevent  the  abforption  of  the  p.roc?fs  °* 

,  1  r  piratipn# 

carbonic  acid  gas  produced  by  refpiration.  The  refpiration 
was  performed  once  only  during  the  time  of  ten  or  twelve 
feconds.  The  diminution  was  4,72  cubic  inches,  or  part 
of  the  firlt  volume.  This  experiment  being  repeated  twenty- 
times  in  the  fame  manner,  afforded  the  famereiulf. 

2.  144  Cubic  inches  were  refpired  once  in  the  fpace  of 
ten  or  twrelve  feconds.  The  diminution  was  four  cubic  inches 
or -JO  part  of  the  primitive  volume. 

3.  The  fame  volume  wras  refpired  twice  during  22  feconds, 
and  the  diminution  amounted  to  eight  cubic  inches,  or  —g- 
part  of  the  primitive  volume.  The  fame  volume  having  been 
refpired  three  times  during  30  feconds,  the  diminution  amount¬ 
ed  to  12  cubic  inches,  or  part  of  the  primitive  volume. 

4.  60  Cubic  inches  were  refpired  three  limes  during  25 
feconds,  the  diminution  was  fix  cubic  inches,  or  of  the 
primitive  volume. 

5.  170  Cubic  inches  were  refpired  four  times  during  one 
minute,  and  the  diminution  amounted  to  20  cubic  inches. 

This  experiment  was  feveral  times  repeated,  and  the  dimi¬ 
nution  was  almoft  conftantly  the  fame.  Namely,  13,  19, 

21,  and  20  cubic  inches,  or 

6.  163  Cubic  inches  refpired  during  50  feconds,  by  four 
great  and  four  fmall  refpirations,  fullered  a  diminution  of  14, 
or  ~  of  the  primitive  volume. 

7.  430  Cubic  inches  by  12  refpirations  in  90  feconds, 
fuffered  a  diminution  of  24,  or  part. 

*  As  thefe  quantities  are  merely  relative,  I  have  not  reduced 
them.  T. 

Thefe 
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Thefe  refults  agree  very  well  with  thofe  obtained  by  Davy 
on  the  diminution  of  air  by  refpiration.  He  found  the  diminu¬ 
tion  by  one  fingle  refpiration  to  be  part,  and  by  refpiration 
continued  for  one  minute  ^g-  part. 

The  magnitude  of  the  diminution  depends  not  only  on  the 
time  during  which  a  given  volume  of  air  is  refpired,  but 
principally  on  the  magnitude  of  this  volume  itfelf ;  it  muft 
be  proportionally  lets  the  greater  the  quantity  of  air  infpired. 
A  very  eflential  error  is  feen  in  the  refults  of  Abernethy,  who 
gives  a  greater  volume  to  the  expired  than  to  the  infpired 
air;  and  the  calculations  of  Goodwin  are  founded  on  a 
miftaken  bail s ;  for  he  fuppofes  the  two  volumes  equal. 

Jn  order  to  determine  comparatively  the  diminution  of 
oxigen  gas  by  refpiration,  J70  cubic  inches  of  oxigen  gas 
obtained  from  manganefe  were  refpired  in  the  fame  manner, 
and  under  the  fame  circumfiances  as  the  170  cubic  inches 
of  atmofpheric  air  in  the  5th  paragraph.  Tiie  diminution 
amounted  to  30  cubic  inches,  and  in  other  experiments,  to 
33,  29,  31.  The  mean  term  of  which  is  parts  of  the 
primitive  volume. 

This  diminution  being  efiablifiied  with  accuracy,  may  be 
applied  to  determine  the  abforption  of  azote  gas. 

8.  80  Cubic  inches  were  refpired  one  time  flowly  during 
ten  or  12  feconds,  and  the  air  expired  was  received  over 
mercury. 

The  relative  quantity  of  the  confiituent  parts  of  this  ref¬ 
pired  air  was  in  the  centenary  4,16  carbonic  acid,  16,55 
oxigen  gas  obferved  by  the  flow  combuftion  of  phofphorus, 
79,19  of  azote  gas.  An  eudiometric  experiment  made  at  the 
fame  time,  gave  the  following  proportion  of  the  parts  in 
atmofpheric  air,  one  carbonic  acid,  21  oxigen  gas,  and  78 
azote.  The  total  diminution  of  the  air  was  from  the  pre¬ 
ceding  experiments  We  may  therefore  find  the  true 

quantify  of  azote  gas  by  the  following  proportion,  36  :  35  :: 
79,19:  76,99.  If  we  fubtradt  this  76,99  from  78,  the  pri¬ 
mitive  quantity  of  azote  in  the  atmofpheric  air  before  ref¬ 
piration,  we  find  a  lofs  of  1,01  on  the  hundred  parts  of  the 
whole  mafs  of  air  breathed.  But  as  the  quantity  of  air  in¬ 
fpired  was  really  no  more  than  80  cubic  inches,  the  abfolute 
dirr;nuticn  or  difappearance  of  azote  gas  by  one  refpiration, 

muft 
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iTjufl  be  dimini  died  in  the  fame  proportion  of  100  to  SO,  and 
thus  proves  0,303  cubic  inches. 

9  / 

9.  In  another  experiment  60  cubic  inches  were  refpired 
once  in  the  time  of  10  or  12  leconds,  and  the  laft  portion  of 
the  expired  air  was  received  over  mercury.  The  proportion 
of  the  conffituent  parts  after  refpiration,  were  in  the  centenary 
4,63  carbonic  acid  gas,  17,68  oxigen  gas,  and  77,74  azote 
gas.  An  eudiometric  experiment  made  at  the  fame  time  on 
the  atmofpheric  air,  gave  1  carbonic  acid,  22  oxigen  gas, 
and  77  azote  gas.  The  true  quantity  of  azote  gas  found  as 
before,  by  diminifhing  the  77,74  is,  75, 5S.  And  this 
being  fubtracled  from  77,  the  quantity  of  azote  gas  previous 
to  the  refpiration  leaves  1,42  for  the  azole  which  difappeared, 

•  fuppofing  the  refpired  air  to  be  divided  into  100  parts.  But 
if  we  take  the  real  number  in  inches,  which  was  60,  this 
quantity  will  be  exprefTed  by  0,852  cubic  inches. 

10.  30  Cubic  inches  were  refpired  in  the  fame  manner 
three  times  during  16  feconds.  The  expired  air  contained  in 
the  centenary  5  carbonic  acid  gas,  14,5  oxigen  gas,  and 
80,5  azote  gas.  The  atmofpheric  air  contained  by  experi¬ 
ment  at  the  fame  time,  1  carbonic  acid  gas,  29,75  oxigen  gas, 
and  80,025  azote  gas.  This  by  the  fame  procefs  of  computa¬ 
tion  gives  a  diminution  of  4,235  in  the  100,  or  in  cubic 
inches  1,2705. 

Thefe  experiments  which  were  feveral  times  repeated,  and  Remarks)? 
confiantly  with  the  fame  refult,  decifively  fhew  that  azote 
gas  is  abforbed  in  the  aft  of  refpiration,  and  the  aftive  part  it 
performs.  Hence  we  may  more  eafily  underdand,  why  azote 
j^as  compared  with  other  mephitic  gafes  is  fo  little  noxious  to 
our  lungs ;  fo  that  according  to  the  experiments  of  Lavoifier 
and  Seguin,  animals  live  very  well  in  a  mixture  of  15  parts 
azote  gas,  and  one  part  oxigen  gas  ;  whereas  the  fame  animals 
were  fud^lenly  fuffocated  in  a  mixture  of  40  parts  oxigen  gas, 

45  azole  gas,  and  15  carbonic  acid  gas.  Hence  we  may 
comprehend,  at  lead  to  a  certain  extent,  the  extraordinary  effafts 
of  the  gafcous  oxide  of  azote ;  we  may  form  fome  notion  of 
the  transformation  of  the  chyle,  which  is  lefs  anamalized  or 
azotized  in  the  lymphatic  part  of  the  blood,  but  becomes 
more  fo  in  the  aft  of  refpiration.  But  the  quantity  of  azote 
gas  abforbed  by  one  {ingle  refpiration  is  not  very  confiderable, 
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which  agrees  perfe6tly  with  the  experiments  of  Davy,  who 
found  that  no  more  than  5,1  cubic  inches  of  azote  gas  were 
abforbed  by  19  refpirations  of  a  vo’ume  of  161  cubic  inches. 

11.  To  determine  the  quantity  of  carbonic  acid  gas  pro¬ 
duced  by  the  refpiralion  ot  atmofpheric  air,  60  cubic  inches 
were  refpired  once  during  ten  or  twelve  feconds,  and  received 
over  mercury  when  expired.  Lime  water  abforbed  4,68  parts 
in  100.  This  experiment  being  feveral  times  repeated 
gave  the  fame  refult.  The  laft  portion  of  expired  air  being 
feveral  times  transferred  through  lime  water  was  diminifhed 
4,9  parts  in  100. 

12.  20  Cubic  inches  refpired  three  fucceflive  times  during 
10  feconds  afforded  no  more  than  five  hundredths  of  carbonic 
acid  gas. 

13.  170  Cubic  inches  were  refpired  four  limes  during 
50  feconds,  the  quantity  of  carbonic  acid  gas  obtained  was 
5,8  hundredths. 

14.  170  Cubic  inches  were  refpired  from  a  bladder  eight 
times  in  one  minute.  Lime  water  abforbed  8,2  hundredths. 

This  quantity  ot  carbonic  acid  produced  by  refpiration,, 

afforded  a  term  of  comparifon  to  afeertain  the  quantity  of  the 

decompofition  of  oxigen  gas  in  refpiration  from  the  fame 

quantities  of  atmofpheric  air,  and  of  pure  oxigen  gas. 

The  preceding  experiments  (7)  had  fliewn  that  the  diminu- 

.  •  . . .  1^  on  o  f  oxigen  gas  was  more  confiderable  than  that  of  atmof- 

carbomc  acid  in  ,  .  v  . 

refpiration  than  pheric  air.  from  this  fa6t  it  might  be  expe£ted,  that  the 
atmofpheric  air  production  of  carbonic  acid  gas  would  likewife  be  more  con- 
fiderable ;  and  this  was  confirmed  by  direct  experiments. 

15.  170  Cubic  inches  of  oxigen  gas  obtained  from  man- 
^anefe,  were  refpired  four  times  during  50  feconds;  the 
diminution  was  30  cubic  inches.  The  quantity  of  carbonic 
,acid  produced  was  8,2  hundredths.  Atmofpheric  air  refpired 
in  the  fame  manner,  and  under  the  fame  circumflances,  gave 
only  5,8  carbonic  acid. 

16.  70  Cubic  inches  refpired  from  a  bladder  during  50 
feconds,  alfo  gave  eight  hundredth*  of  carbonic  acid. 

Experiments  on  the  Refpiration  of  the  Gafeous  Oxide  of  Carbon . 

O  ifervations  on  The  gaieous  oxide  of  azote  was  obtained  b}’  the  procefs  of 

obtaining  Davy  from  cryftallized  nitrate  of  ammonia.  This  nitrate  of 

gafeous  oxide  of  ammonia  affords  very  different  produ6t$  in  different  tern- 
azote. 

peraturcs. 


Oxigen  gas 
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peratures.  I  have  made  a  condderable  feries  of  experiments 
on  this  fubjed,  which  I  fliall  fhortly  fubmit  to  the  National 
Inditute.  I  (ball  only  remark  in  this  place,  that  the  oxigenat- 
ed  muriatic  acid  is  obtained  at  the  commencement,  if  the 
nitrate  of  ammonia  be  not  entirely  free  from  muriatic  acid; 
that  at  a  temperature  not  exceeding  220  degrees  of  the 
centigrade  thermometer,  the  gafeous  oxide  of  azote  is  obtain¬ 
ed  in  great  quantity,  and  very  pure,  without  any  mixture  of 
thofe  white  vapours  which  have  the  tade  of  mudard  ;  but 
that  a  temperature  dill  higher,  efpecially  at  a  red  heat,  the 
gafeous  oxide  of  azote  is  no  longer  difengaged  but  nitrous 
gas  is  formed,  and  very  peculiar  white  vapours  which  I  am 
at  prefent  examining.  To  prevent  any  explofion,  I  always 
mix  the  nitrate  of  ammonia  with  very  pure  land.  To  obtain 
the  gafeous  oxide  of  azote  in  a  very  pure  date,  the  didillation 
mud  be  made  on  a  fand  bath,  and  the  fire  carefully  managed. 

When  every  thing  fucceeds  properly,  the  gas  is  fo  pure,  that 
it  may  be  refpired  immediately;  it  has  an  agreeable  tade, 
almod  facchar  vinous.  If  it  be  mixed  with  the  white  vapours 
produced  by  too  drong  a  heat,  time  mud  be  allowed  for 
them  to  be  depodted.  The  effeds  which  Davy  has  obferved,  Davy’s  expert- 
and  Pidet  has  deferibed  with  fo  much  intered  in  his  fecond 
letter  in  the  17  th  Volume  of  the  Bibliotheque  Britanniquc,  our  author, 
were  perfedly  confirmed  in  my  experiments.  Several  perfons 
who  refpired  this  gas  were  exalted  absolutely  in  the  fame 
manner.  One  of  thofe  who  refpired  it  was  very  fpeedily  in¬ 
toxicated,  and  put  into  a  very  extraordinary  and  mod  agree¬ 
able  extacy.  Others  redded  fomevvhat  longer;  one  only 
feemed  to  be  fcarcely  at  all  affeded.  The  exaltation  always 
palled  over  without  leaving  any  perceptible  relaxation.  I 
dill  continue  thefe  experiments.  Perhaps  this  gas  may  be¬ 
come  a  powerful  remedy  for  melancholy  afiedions.  I  dial! 
not  fail  to  communicate  the  refults  of  my  experiments  to  the 
National  Inditute. 
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Experiments  on  Gum  Arabic  and  Gum  Adracanth . 
By  M.  Val-qvelin  *. 


nr\ 


phofpnate  of 
Erne, 


Red  gum  adra-  JL  EN  grams  of  red  gum  adracanth  produced  on  combuftion 

tanth  left  ifter  three  decigrams  and  a  half  of  white  aflies.  Thefe  allies 

hundredths  diffolved  in  muriatic  acid  with  effervefcence,  and  gave  forth 

chiefly  carbonate  an  0(jour  0f  fulphurated  hidrogen.  Their  folution  denofited 
of  lime,  with  a  .  ,  1  .  ®  < 1 

littre  iron  and  a  precipitate  by  ammonia,  which  was  pliolphate  of  lime  and 

oxide  of  iron.  The  oxalate  of  ammonia  precipitated  from  it 

much  lime.  Thus  red  gum  adracanth  contains  in  100  parts 

about  of  allies,  which  was  compofed  for  the  moft  part  of 

carbonate  of  lime,  a  fmall  quantity  of  iron,  of  phofphate  of 

lime,  and  perhaps  of  a  very  minute  portion  of  alkali. 

White  gum  2.  Ten  grains  of  white  gum  adracanth  fubmitted  to  the 

adracanth  left  a  fame  proofs,  gave  three  decigrams  of  allies,  which  were  com- 

whfch  contain-  °f  die  fame  principles  as  the  red  kind,  with  the  ad- 

ed  the  fame  dition  of  a  little  potafli. 

alkali^63  and  Ten  grains  of  gum  arabic  burnt  as  the  others,  left  three 

Oum  arabic  left  decigrams  of  allies,  which  were  compofed  of  the  lame 
alkak^0*11^  00  e^ernenls  as  die  preceding,  except  that  they  gave  no  lign  of 
the  prefence  of  alkali  or  of  fulphuf. 

I  formerly  thought  that  the  opacity  of  gum  adracanth,  and 
the  difficulty  of  its  folution  in  water,  might  be  occafioned  byr 
a  greater  proportion  of  earthy  matter;  but  after  thefe  ex¬ 
periments  it  appears,  that  they  are  due  to  another  caufe. 

TEe  lime  in  The  Jime  which  I  found  in  (he  gum,  which  I  am  about  to 

gums  is  com-  mention,  was  doubtlefs  neither  in  the  ltate  of  carbonate,  and 
forming  ^'11  in  diat  quicklime;  for  the  folutions  of  the  gum 

foluble  fait.  were  not  in  the  lead  alkaline,  but  on  the  contrary,  llightly 
acid  ;  at  lead  a  bit  of  the  gum  rubbed  on  fome  paper  well 
moideped  (with  blue  vegetable  juice)  made  it  fenfibly  red. 
It  is  alio  certain,  that  oxalate  of  ammonia  and  carbonate  of 
potadi  occydon  precipitates  in  the  folution  of  gum  arabic,  and 
that  acetite  of  lead  does  not  form  any.  It  follows  from  this, 
teat  the  lime  is  moft  probably  united  to  fome  acid  in  the 
gums,  ’which  doubtlefs  is  a  vegetable  acid;  for  in  being 
decornpolcd  they  leave  their  bales  combined  with  carbonic 


Opacity  and 
difficult  foiu- 
Vility  of  gum 
adracanth. 
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acid ;  but,  can  be  neither  the  oxalic,  the  tartarous,  or  the 
citric,  becaufe  their  combinations  are  infoluble  in  water, 
and  that  betides  they  exift  but  in  a  fmall  number  of  vege¬ 
tables ;  fti!l  lefs  can  it  be  the  benzoic,  the  gallic,  the  morox - 
alic ,  or  the  lionejtic,  which  are  very  rarely  found  in  naturally, 
and  of  which  the  three  tail  alfo  form  infoluble  compound  s. 

There  only  remains  to  decide  between  the  acetous  and  the 
malic  acids,  which  are  the  mod  abundant  in  the  vegetable 
kingdom.  The  firft  forms,  as  is  well  known,  foluble  com¬ 
binations  with  all  the  fubftances  with  wrhich  they  are  capable 
of  union;  fome  of  them  are  even  deliquefcent,,  It  is  befides 
the  mofl  frequent  refult  of  the  operations  of  nature  in  the 
vegetable  and  animal  fyftems,  fince  it  is  formed  by  vegetation, 
by  fermentation,  the  adtion  of  the  more  powerful  acids,  and 
by  the  influence  of  heat. 

The  combinations  of  the  fecond  are  for  the  mofl  part  in¬ 
foluble  in  water;  that  which  it  forms  with  lime  particularly, 
is  not  fenfibly  foluble,  but  when  there  is  an  excefs  of  acid ; 
and  its  exi (fence  in  nature  is  by  no  means  fo  frequent  as  that 
of  the  acetous  acid;  and  as  the  lime  which  is  found  in  the 
tranfparent  gums  has  been  inconteftibly  dillolved  in  the  juices 
of  the  vegetables  which  produce  thefe  fubftances,  it  is  much 
more  probable,  that  this  earth  is  in  them  combined  with 
acetous  acid  than  with  any  other. 

It  is  alfo  probable,  that  the  fmal!  quantity  of  potafh  which 
I  found  in  the  afhes  of  the  burnt  gums,  is  united  to  the  fame 
acid,  which  explains  why  thefe  fubftances  are  fo  fenfible  to 
humidity,  and  foflen  fo  much  as  to  prevent  their  pulveriza¬ 
tion. 

I  am,  however,  much  inclined  do  think,  that  in  certain 
opaque  adracanth  gums,  which  are  of  difficult  folution,  and 
yield  much  lime  on  incineration,  this  earth  is  combined  with 
malic  acid.  I  have  had  occafton  lately  to  examine  a  gum. 
gathered  by  M*  Paliflot  Bauvois,  from  the  cochineal  nopal, 
which  was  opaque,  fwelled  with  water,  did  not  diftolve 
uniformly,  and  which  yielded  eight  per  cent,  of  lime.  And 
as  the  fap  of  every  cactus  which  I  have  analyzed,  yielded 
more  or  lefs  acidulous  malate  of  lime,  there  is  great  reafon  to 
believe,  that  the  fpecies  of  it  which  nouiiflies  the  cochineal 
contains  it  likewife  :  and  that  it  is  the  prefence  of  this  fait 
proceeding  from  the  vegetable,  and  diflolved  in  the  fap  along 
Vol,  XII. — December,  180,?.  S  with 
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The  acid  mutt 
be  either  the 
acetous  or  the 
malic. 


But  the  malic 
forms  infoluble 
compounds  with 
lime, 


confequently  the 
acid  is  more 
likely  acetous. 

The  potafh  in 
gums  alfo  forms 
an  acetite. 


Some  gums  con* 
tain  lime  in 
greater  propor¬ 
tions. 


I 


PURE  COBALT. 


Genera!  rcfults..  t{)e  gUrn,  which  caufes  its  opacity,  and  obftruch  r( 4 
folutiqn  in  water.  It  reluits  at  lead  from  thefe  experiments, 
that  the  gums  contain,  fir  ft  a  calcareous  fait,  mod  comnmnly 
the  acetate  of  Jime  ;  fecondly,  foinetimes  a  malate  of  lime 
with  an  excefs  of  acid;  thirdly,  pliofphate  of  lime ;  fourthly 
and  ladly,  fome  iron  which  is  probably  alfo  united  to  phof- 
phoric  acid. 


VII. 


ZufFre  detonated 
with  charcoal 
and  nitre. 
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Fufion  with 
black  flux. 


The  metallic 
button  again 
detonated. 


Lixiviation 
feparates  the 
acid  and  arfenic. 


Nitric  acid 
diflolves  the 
cobalt  alone. 

i 

Evapoiate  and 
rediflblve.  . 


Method l  of  obtaining  Cobalt  pure.  By  M.  TromsdoRk  *. 

Four  parts  of  zaffre  well  pulverized  are  to  be  mixed 
carefully  with  one  part  of  nitre,  and  half  a  part  of  charcoal 
in  powder:  this  mixture  is  to  be  projected  in  final!  quantities 
into  a  red  hot  crucible,  and  this  operation  repeated  three 
times,  adding  each  time  to  the  refidue  new  portions  of  the 
nitre  and  the  charcoal. 

The  mafs  refulling  from  thefe  detonations  ought  to  be  mixed 
with  one  part  of  black  flux,  and  expofed  during  an  hour  in 
a  crucible  to  a  red  heat. 

The  whole  is  then  to  be  left  to  cool ;  the  metallic  cobalt  to 
be  feparated,  pulverized,  mixed  writh  three  times  its  weight 
of  nitre,  and  the  mixture  detonated  with  the  precautions 
above  mentioned. 

The  iron  contained  in  the  cobalt  will  thus  become  ftrongly 
oxidated,  and  the  arfenic  acidified  combines  with  the  potafli  : 
The  trials  pulverized  is  to  be  lixiviated  many  times,  and  re¬ 
peatedly  filtered;  and  thus  the  arfeniate  of  potafli  formed 
will  be  feparated  from  the  infoluble  refidue  that  contains  the 
cobalt. 

This  refidue  is  then  to  be  treated  with  nitric  acid,  which 
diflolves  the  cobalt  without  attacking  the  iron  which  is  found 
oxidated  to  its  maximum  of  oxidation. 

The  iolution  is  then  to  be  evaporated  to  rirvnefs,  the  refidue 
redilfolved  in  nitrous  acid,  and  the  liquor  filtered,  to  feparate 
the  la  ft  portions  of  the  oxide  of  iron,  which  might  have 
efcapcd  in  the  firfl  operation. 


#  From  the  Annals  de  Chimie,  Tom,  65. 
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Aii  that  remains  to  be  clone  after  (his  is,  (o  decompose  the  Precipitate  the 
nitrate  of  cobalt  by  potafh,  to  wafli  the  precipitate,  and  to  cob/k  ^  Potaflx 
eff'ea  its  redudion  by  means  of  heat.  an  re  UCC‘ 


VIII. 

A  new  Method  of  extruding  Sugar  from  Beet-Hoot . 

By  M .  Achard  *. 

i  HE  roots  of  the  beet,  after  being  properly  cleanfed,  are  Beet  roots  are 
timed  and  prefled.  The  juice  obtained  is  thick,  and  of  a  deep  fl:°ed’  preffed’ 
colour:  it  contains,  betides  fugar,  albumen,  fecula,  and 
other  matters  from  which  it  mu  ft  be  cleared,  in  order  to 
obtain  the  pure  fugar.  In  this  proceft  of  reparation  it  is, 
that  the  art  of  procuring  fugar  from  the  beet-root  confifts. 

.  .In  a  boi,er  of  tin'  of  tinned  copper,  mix  100  lbs.  of  the  One*6:h  part 
juice  of  beet  root  with  3{  ounces  of  fulphuric  acid  diluted  of  fu!Phuric 8C'f 
with  one  pound  of  water  ;  then  pour  it  off,  and  let  it  Hand  juketwd  after 
-or  12,  is,  or  2  1  hours;  12  hours  are  iufficient,  but  24  will  Ending 
not  be  detrimental  to  the  procefs,  as  the  acid  prevents  any  J^one  p^of 
change  in  the  juice.  In  order  to  feparate  the  fulphuric  acid,  lime.  The 
put  into  the  liquor  7|  ounces  of  wood  allies,  to  which  add  &C‘ 

foon  afterwards,  2  ounces  or  6|  drachms  of  lime  flaked  in  fcparated, 
water.  The  fulphuric  acid  coagulates  the  albumen,  the  wood 
allies,  confiding  chiefly  of  lime,  and  the  lime  itfelf  feparate 
in  their  turn  the  acid,  in  form  of  an  almoft  infoluble  fait.  It 
will  here  be  recollected,  that  in  the  Weft  Indies,  in  the  fa¬ 
brication  of  coarfe  fugar,  and  in  the  refining  ftoufes  of  Europe, 

lime  is  ufed  to  aftift  the  reparation,  and  the  cryftallization  of'* 
this  article.  ,  , 

*  r  '  *  ‘ .  .  .  - 

After  this  firft  operation  the  beet  root,  mu  ft  be  clarified  ;  Farther  purii?- 
ior  which  purpofe  it  ciuft  be  poured  into  a  boiler  fo  placed  «Aon  by  boil- 
as  that  the  fire  may  ad  equally  upon  all  the  whole  furface  of 
the  bottom,  in  which  it  is  to  be  heated  to  a  ftate  bordering 
upon  ebullition,  but  muft  not  be  differed  aftually  to  boif. 

After  drawing  out  the  fire,  the  fyrup  is  to  be  ikimmed  till 
the  lk urn  arifes  in  blackifii  flakes.  The  liquor  is  now  to  be 
filtered  through  flannel,  which  muft  be  done  with  caution, 

Jeft  the  dregs  pafs  through  with  the  fyrup.  The  fkum  and 
the  dregs  are  good  for  fattening  fwine. 


Van  Mon.’s  Journal,  Yol,  VI. 
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Brifk  evapora¬ 
tion. 


Cooling  and 
farther  purifica¬ 
tion  bv  Tub- 
fidencc. 


Evaporation  till 
the  fyrup  draws 
a  thread. 


✓ 


Cryftallization 
or  graining  in  a 
warm  apart¬ 
ment. 


The  meljffes 
drawn  off 


leave  coarfe 
fugar. 


Improvement. 


The  (yrup,  thus  clarified  and  filtered,  is  placed  in  a  (hallow 
cauldron,  to  the  depth  of  not  more  than  fix  inches,  and 
evaporated  over  a  bnlk  fire,  whereby  it  is  prevented  from 
becoming  a  liquid  laccharine  mucus,  which  refills  all  attempts 
to  cryftalHze  it. 

When  reduced  to  about  one  half  of  its  quantity,  the  fy rup 
is  to  be  poured  into  tin  veficls  about  fix  feet  in  height,  and 
half  a  foot  in  diameter,  with  cocks  about  fix  inches  from  the 
bottom.  It  mud  here  be  left  for  two  or  three  days,  during 
which  time  it  precipitates  whatever  remaining  impurities 
it  may  contain,  particularly  gypfum.  At  the  end  of  this 
period,  the  liquid  may  be  drawn  clear  off,  and  replaced  in 
the  (hallow  boiler,  but  only  to  the  height  of  three  inches,  to 
evaporate;  the  fire  to  be  gradually  augmented,  as  the  fyrup 
thickens,  until  it  be  in  a  date  of  ebullition.  The  fire  is  then 
to  be  damped  to  prevent  the  fugar  from  burning,  which 
w'ould  render  it  unfit  for  cryftallization. 

When  the  fyrup  becomes  fibrous,  the  fire  is  to  be  ex- 
tinguifhed. 

In  about  half  an  hour  afterwards,  the  fyrup  is  to  be  poured 
into  cones,  of  which  the  mouths  are  dopped  with  linen  cloths, 
and  containing  a  little  coarfe  fugar-candv,  grofsly  pounded. 
Thefe  cones  are  fet  in  a  room  whofe  temperature  is  from  10Q 
to  20°  of  Reaumur. 

When  the  fevcral  operations  have  been  dexteroufly  ma¬ 
naged,  the  fugar  will  crydallize  in  24  hours:  but  if  the  eva¬ 
poration,  or  baking,  has  been  too  bady,  the  whole  becomes 
a  granulous  mafs,  with  the  interdices  filled  with  melafTes. 

W  hen  the  lugar  is  well  cryfiallized,  the  mouth  of  the  cone 
is  to  be  opened,  and  an  earthern  vefiel  placed  under  to  catch 
the  melades :  (his  operation,  according  as  the  fyrup  has  been 
more  or-  lefs  baked  takes  three  or  four  weeks. 

The  fubdance  remaining  in  the  cones,  of  a  yellow  colour, 
more  or  lefs  tinged  with  white  as  the  baking  has  been  well  or 
ill  conducted,  in  granulated  cryllals  of  various  fizes,  is  (he 
coarfe  fugar  of  beet-root. 

Mr.  Ac-hard,  in  order  to  fave  time,  and  to  avoid  the  ufe  of 
veffels  for  fettling  the  liquor,  afterwards  deviated  from  his 
original  plan,  by  adding  to  the  fyrup,  when  half  evaporated 
as  .above  deferibed,  for  every  twelve  quintals  of  roots  ufed, 

five 
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five  quarts  of  fkimmed  milk,  and  (liortly  afterwards  oqe 
quart  ot  vinegar.  He  then  proceeded  with  the  fecond  eva¬ 
poration  in  the  boiler. 

This  lugar  by  refining  may  be  made  to  anfwer  all  the  ufes  Subfequent  re- 
of  that  of  the  Weft  Indies,  and  may  be  rendered  equally  afaa!* 

white  by  the  ufual  procefs. 


IX. 

On  Nickeline  (Niccolanum),  a  Metal  in  many  Refpe&s  refem • 
bling  Nickel ,  lately  difcovered  by  Dr,  J.  B.  Richter.* 

][  HAVE  long  lince  conjectured  in  analyftng  the  cobalt  ores  Sufpicion  of  a 
of  Saxony,  that  they  contained,  betides  cobalt,  arfenic,  cop-  m 

per,  nickel,  and  iron,  another  metal  which  refembled  nickel 
in  many  f  its  properties,  but  the  means  which  I  have  hitherto 
employed  to  feparate  it  did  not  before  afford  me  any  fatisfac- 
tory  refults. 

I  was  chiefly  furprifed  that  nickel,  after  being  purified  by  Remarkable 
the  liquid  procefs  from  cobalt,  iron,  and  arfenic,  and  after  that  nickel 
that  reduced  without  the  addition  of  a  combuftible  body,  arid  arfenic  and 
never  formed  a  mafs,  but  was  always  found  difperfed  in  fmall  isalmoft 
particles  in  a  hard  heavy  mafs,  which  had  the  appearance  of  fmalT globules 
the  remains  from  vitrified  copper. 

This  hard  matter  had  no  metallic  luftre,  neither  was  it  at-  through  a  hard, 
traded  by  the  magnet  :  Its  colour  was  of  a  blackith  grey  on  gfey  maTs^1^" 
the  lurface,  with  a  fmall  degree  of  brightnefs ;  and  in  powder 
it  was  brown,  greyifh,  and  greenith. 

Some  weeks  ago  I  endeavoured  to  reduce  per  fe  almoft  half  Experiment  with 
a  pound  of  oxide  of  nickel,  which  I  had  purified  as  well  as  a^!arSe  cfu.antlty 
*  poffible  by  the  liquid  procefs,  for  the  greateft  part  of  a  year,  nickel, 
at  a  confiderable  expence :  as  this  oxide  was  not  of  a  lively 
green,  I  thought  this  was  caufed  by  the  “  extradive  matter” 
which  might  be  in  the  potafh  employed  for  the  precipitation 
of  the  fulphate  of  nickel  from  the  ammoniacal  preparation  :  it 
is  true  that  this  triple  combination  had  not  that  beautiful 
grafs-green  colour  which  it  commonly  had  ;  but  I  thought  this 

*  *  •  *% 
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DiiguL  be  earned  by  the  fubftilution  of  t ho  potafli  to  the  am- 
: r j > » n i a.  mixed  wit!i  the  copper,  which  could  not  be  feparated 
but  by  the  redu<5tion  per  ft. 

quanr  i”  ot  ^  rorn  ^ie^e  ideas  I  hoped  to  have  at  Ieaft  four  ounces  of 

nickel  In  a  mafs  Pllre  nickel,  but  was  difagreeably  furprifed  by  find- 

wa>  obtained,  mg  in  the  crucibles,  which  were  deformed  in  the  ulual  mari¬ 
ne  i,  and  perforated  by  the  vitrified  copper,  a  rough  mafs 
uiiii  the  appearance  I  have  before  mentioned,  and  which 
contained  only  a  morfel  of  about  two  and  a  half  drams,  and 
confequently  only  five  drams  of  pure  nickel  in  the  two  cru- 
Ihedenfdac-  cibles.  1  reduced  to  powder  in  an  iron  mortar  the  remaining 

matter  was^hen  ma^s  (which  could  not  properly  be  called  fcoriae),  and  fepa- 
pulverized  and  rated  from  it  by  the  fieve  and  (he  magnet,  the  particles  of 

xated^bjfthe^^3  n'c^e^  vvb‘cb  it  might  contain,  which  produced  near  two  and 
magnet  and  by  a  baif  drams  more;  and  that  nothing  might  be  lofi,  I  treated 
Strong^ eat  a  Pow<^er  w'ith  nitric:  acid,  which  attacked  it  vigoroufly  at 

plied  to  the  mafs  *be  an^  £ave  a  folulion  of  nickel,  but  after  that  did  not 

re^ulus*  m°re  a<^  °n  ^  Jn  ^Iat  tbe  Povv’der  was  but  little  dimi- 

nifhed  in  weight :  in  expofing  this  matter  to  reduction  per  je, 

it  produced  no  regulus,  but  merely  agglutinated  its  parts. 

The  mafs  being  Having  again  pulverized  (he  mafs,  which  weighed  almoft 

was  urged  with  ^  ounces>  ^  mixed  with  it  one  ounce  of  charcoal  in  powder, 
charcoal,  and  an(i  expofed  to  the  fire  of  a  porcelain  furnace  during  eighteen 

thantalfTr  h°Ur‘S  in  a  crucible  dofed  with  a  luted  cover,  in  a  part  of 
weight  of  metal  furnace  which  feemed  to  me  to  have  moll  heat.  After 
m  one  mafs.  having  broken  the  crucible,  which  was  in  a  found  Pate,  I 
found,  under  a  fcoria  of  a  deep  blackifli-brown  colour,  a  well 
fufed  button  of  metal  which  weighed  two  ounces  and  three 
quarters:  it  was  not  at  all  connected  with  the  adjoining  parts 
of  the  fcoria,  and  had  at  its  inferior  part  a  particular  fhape,  ■ 
which  was  caufed  by  cavities  which  were  not  produced  by 
the  crucible. 

This  metal  had  the  grey  colour  of  Heel,  inclining  a  little  to 
red  :  it  prefented  in  its  fracture  a  grain  not  very  fine:  it  was 
ra.her  hard  :  could  be  extended  a  little  under  the  hammer  in 


It  was  fteel  co¬ 
lour,  rather 
hard,  fcarcely 
malleable,  mag- 


ncal,  &c.  a  cold  Hate:  heated  to  rednefs  it  endured  little  the  ilrokes  of 
the  hammer :  it  was  at(rav51ed  by  the  magnet,  but  not  fo 
flrongly  as  either  iron  or  nickel  :  it  had  many  properties  com¬ 
mon  to  nickel,  but  it  was  diftingui filed  from  it  entirelv  by 
others.  As  many  of  lliefe  properties  were  fuch,  that  thofe 
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not  well  acquainted  with  nickel  in  its  perfectly  pure  Hate 

might  take  it  for  that  metal,  I  have  called  it  Nickeline  ( Nic -  Name  Nick  time* 

colanum.) 

The  nickeline  was  free  from  all  the  metals  which  are  tound 
in  the  cobalt  ores,  except  a  little  copper. 

The  fpecific  gravity  of  call  nickeline,  which  enters  more 
readily  into  fufion  than  nickel,  is  8,55  ;  and  ot  forged  nicker  diiTolve*  it, 
line  8,60.  On  putting  it  into  nitric  acid  and  heating  it,  it 
is  attacked  more  quickly  than  nickel :  I  remember  having 
obferved  an  equally  violent  a6tion  of  nitric  acid  on  nickel 
reduced  by  charcoal,  which  I  then  confidered  as  pure,  and 
which  I  diffolved  in  order  to  precipitate  from  it  by  potafh  an 
oxide,  which  I  might  reduce  per  Jt . 

The  folution  of  the  nickeline  went  on  well;  being  come  to 
the  point  of  faturation,  it  had  a  blackifh-green  colour,  and 
affumed  a  gelatinous  confidence. 

I  employed  my  firft  care  to  fcparate  from  it  a  part  of  the  ^yh^oTthe 
iron  which  I  thought  it  contained,  and  left  it  to  dry  a  little  acid.  Refidue 
over  a  fpirit  lamp:  the  mafs  became  continually  of  a  deeper3  black  powder, 
green,  and  in  approaching  to  drynefs  it  gave  out  much  red 
vapours,  and  the  refidue  became  of  a  blackifii  grey  ;  I  added 
diddled  water  to  it,  which  diffolved  but  little  of  it,  and  that 
which  was  dilfolved  was  an  lnfigmficant  quantity  of  nickel. 

I  poured  muriatic  acid  on  the  blackifii  powder  well  walked,  m 

which  gave  a  green  folution,  in  difengaging  a  itrong  odour  Green  folution ; 

ot  oxigenated  muriatic  acid.  _  _  dried  gave  a  red- 

The  muriatic  folution  was,  as  well  as  the  nitric  folution,  ofdiih  mafs  that 
a  deep  blackifii  grafs-green  colour:  being  evaporated  to  dry- ^urns  green  by 
nefs,  it  produced  a  redd i Qi  mafs,  which  became  green  in  a 
moifi  air,  and  which  communicated  the  green  colour  to  water 
in  which  it  was  diffolved.  • 

This  dark-coloured  oxide  of  nickeline  was  infoluble  in  nitric  ^rkkel°^0°/ 
acid,  and  in  fuiphuric  acid  ;  but  if  lugar  or  alcohol  was  added,  foiuble  in  nitric 

the  folution  took  place  with  facility  at  the  boiling  point.  acids" without 

The  fulphate  of  nickeline,  being  combined  with  water,  iscombuftlble 

alfo  of  a  blackifii  green  ;  but  it  affumes  a  pale  red  colour  on  matter.  # 

Sulphate  of  mc- 

being  deprived  of  the  water..  kelme. 

If  carbonate  of  potafii  be  added  to  the  preceding  folutions  Precipitate  by 

of'  nickeline,  it  occafions  a  precipitate  of  blue  carbonate  of  “^nfte  J 
nickeline,  inclining  a  little  to  grey  and  green,  and  of  a  pale 
tint :  This  combination  is  very  light  and  loft,  and  diflolves  in 

the 
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ato  j 


by  ammonia. 


Points  of  com. 


the  acids  with  a  flrong  eflervefcence.  I  remember  to  have 
had,  fome  years  ago,  this  precipitate  of  a  bad  colour,  and 
not  then  lo  have  examined  it,  confidering  it  as  a  mixture  of 
iron,  nickel,  and  arfenic,  (which  laft  continually  made  ilfelf 

noticed  by  its  odour  of  garlic)  :  But  at  lad  I  fufpetfed  its 
nature. 

If  the  folution  of  nickeline  is  dccompofed  by  cauftic  pofafli, 
it  gives  a  precipitate  which  refembles  in  its  colour  carbonate 
of  chrome;  that  is  lo  fay,  it  is  of  a  deep  greenifli-blue,  which 
does  not  change  when  it  is  wafhed :  being  dried  with  a  gentle 
heat,  it  affumes  a  pale  colour,  which  becomes  deeper  when  it 
is  moiftened  with  Water. 

Jt  any  of  the  foregoing  dilutions  of  nickeline  is  mixed  with 
ammonia  to  exeefs,  the  liquor  affumes  a  pomegranate  red  co¬ 
lour,  and  remains  tranfparent ;  w  hich  proves  that  it  does  not 
contain  any  iron,  >beaufe  that  this  latter  is  not  foluble  in 
ammonia.  By  candle-light  this  folution  is  with  difficulty  dif- 
tinguiflied  from  that  of  perfectly  pure  nickel ;  but  by  day- 

hght,  this  latter  is  of  an  amelhyfl  red  colour,  as  I  have  elfe- 
vvhere  remarked. 

..  ,  1  now  compare  the  principal  properties  in  which  nic- 

panlon  between  «  r  .  .  1  r  *  ‘ 

nickeline  and  kelme  relembles  altogether,  or  in  part,  nickel  or  cobalt,  and 
nickel  or  cobalt,  thofe  in  which  it  is  diftinct  from  them. 

It  refembles  cobalt — 

Rcfemblances  of  I.  By  its  property  of  fuper-faturating  itfelf  with  oxigen  at 

cdwt].ine  and  lhe  exPence  of  the  nilric  acid,  ar>d  thus  forming  a  body  which 
refembles  the  black  oxide  of  manganefe  with  regard  to  its 
folubility  in  the  acids  :  2.  By  its  property  of  not  being  re¬ 
ducible  but  by  the  intervention  of  a  combuftible  body. 

It  differs  from  cobalt — 

1.  By  the  blackifh-green  colour  of  its  folutions,  even  when 
they  are  entirely  neutralized.  It  is  known  that  the  neutral 
folutions  of  cobalt  in  the  fulphuric,  nitric,  and  muriatic  acids, 
are  of  a  crimfon-red  colour;  and  that  the  muriate  of  cobalt 
alone  becomes  of  a  greenifli-blue  on  being  deprived  of  its 
water  :  from  whence  it  happens  that  an  exeefs  of  acid  pro¬ 
duces  this  colour,  becaufe  it  combines  with  the  water:  With 
i  ^  ^  nickeline  precifely  the  reverfe  takes  place; 
when  mixed  with  water  it  is  green  (although  of  a  lefs  beau¬ 
tiful  colour  than  the  cobalt  without  W'ater),  and  when  de¬ 
prived  of  its  water  it  becomes  reddifh,— 2.  By  the  colour  of 

its 


Differences  be¬ 
tween  nickeline 
and  cobalt. 
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Us  carbonate  :  that  of  cobalt  is  of  a  beautiful  poppy-blue,  blit 
the  carbonate  of  nickeline  is  a  bluifh-green  inclining  to  a  pale 
grey. — 3.  By  the  dolour  of  its  oxide  precipitated  without  car¬ 
bonic  acid  :  that  of  cobalt  is  of  a  deep  blue,  and  changes  on 
wafliing  to  a  blacki th-brown  ;  but  this  oxide  of  nickeline  is 
of  a  greenitli-blue,  and  its  colour  does  not  change. 

Nickeline  refembles  nickel — 

I .  By  its  flrong  magnetic  quality  ;  although  this  is  not  fo  Refemblances 
great  as  that  of  nickel.— 2.  By  its  malleability,  which  how- 
ever  is  lefs  than  that  of  nickel. — 3.  By  the  deep  green  of  its 
folutions;  although  this  colour  is  not  fo  beautiful  as  that  of 
the  folutions  of  nickel. — 4.  By  (he  lots  of  this  green  colour 
when  its  neutral  combinations  are  deprived  of  water. — 5.  By 
(he  colour  of  the  acid  folution  with  an  excefs  of  ammonia, 
which  cannot  be  well  perceived  by  candle-light. 

Nickeline  differs  very  didinftly  from  nickel — 

1.  Becaufe  it  cannot  be  reduced  without  a  combuflible  Differences  be- 
body  added  to  it. — 2.  Becaufe  nitric  acid  attacks  and  oxidates  ^e^^^elmc 
it  more-eafily.  Nickel  is  not  near  fo  readily  a<5led  on  by  the 
nitric  acid  if  it  is  not  mixed  with  the  nickeline,  which  almofl 
always  happens  with  the  magnetic  nickel  which  is  confidered 
to  be  in  a  date  of  purity,  and  which  has  not  been  reduced 
per  fe  before  my  difeovery. — 3.  Ifalfo  differs  from  nickel  by 
the  property  firfl  mentioned  of  thofe  in  which  it  refembles 
cobalt. — 4.  By  the  colour  of  its  combinations  with  the  acids, 
when  deprived  of  water :  This  colour  in  nickel  is'  ahnoft  a 
buff  (chamois),  and  in  nickeline  a  reddilh,  except  in  the 
nitrate  of  nickeline,  which  cannot  be  deprived  of  water  with¬ 
out  decompofing  it. — 5.  By  the  colour  of  the  precipitates,  men¬ 
tioned  in  the  fecond  and  third  articles  concerning  the  proper¬ 
ties  wherein  this  new  metal  differs  from  cobalt,  which  are  in 
thofe  of  nickel  of  a  green  colour  entirely  different  from  thofe 
of  nickeline,  which  latter  are  of  a  much  more  agreeable 
green,  efpecially  thofe  of  the  carbonate. 
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X. 

Utter  from  G.  Cumberland,  Ffy.  on  a  Project  for  extended 
Road s  on  the  Principle  oj  the  inclined  Plane . 


To  Mr.  NICHOLSON1. 


SIR, 


Oct,  26,  1805.  Jt'efton-fvpra-Marc. 


Account  of  rail-  j/\fiOUT  ten  years  ago  having  frequent  occation  to  remaik, 
and  fufter  from,  the  milcrable  Rate  ot  the  roads  iiom  Staines  to 
London  during  the  winter  feafon,  I  ventured  to  propofe  (not 
having  at  that  lime  either  feen  or  heard  of  rail-roads)  a  plan 
which  I  called  a  truck- road  tor  the  whole  ot  that  Rage,  becaufe 
it  was  intended  to  convey  all  forts  of  goods  and  even  carriages 
on  trucks,  going  to  town  on  one  fide  of  the  old  road  and  re¬ 
turning  by  the  other. 

communicated  This  plan  I  lent  Rome  time  after  to  Dr.  Anderfon,  with  a 
toDr.  Andeifon.  (jrawjng^  for  |qs  ]{ccrcat[nnS)  |)U(  by  feme  accident  it  was  mif- 

laid  and  loft  ;  and  (he  reward  of  my  trouble  was  the  fly  fneers 
of  my  grave  Wind  for  neighbours,  to  whom  it  was  known, 
accompanied  w  iih  a  fort  of  pity  for  heads  capable  of  propoftng 
fuch  eccentric  inventions. 

Time  however  revenged  my  caule,  by  (bowing  them  the 
practicability  of  fuch  fchemes  in  the  progrefs  ot  the  Surry 
.  undertaking. 


Another  plan 
by  an  inclined 
road. 


Particular  de¬ 
tail.  Difpatches 
may  be  roiled  in 
a  fpherical  cafe 
down  a  long  in¬ 
clined  channel. 


At  the  tame  ti me  another  plan  of  expeditious  conveyance 
occurred  to  my  mind,  but  which  I  was  deterred  from  then 
producing  owing  to  the  cold  reception  rov  fnft  contrivance 
met  with — And  as  no  one,  as  far  as  I  can  learn,  lags  hitherto 
brought  forward  any  improvement  of  the  kind  (alt hough  to 
very  obvious  that  it  might  ealily  be  (uggefted  to  the  mind  of  a 
child  who  had  heard  of  roads  on  inclined  planes,)  1  take  the 
liberty  to  recommend  it  to  your  patriotic  publication,  convinced 
that  whatever  may,  at  one  time  or  other,  be  of  fervice  to  man¬ 
kind,  will  be  always  lure  of  a  favouiable  reception  at  your 
hands. 

The  plan  I  propofe  then  is  this  : — That  all  difpatches  and 
poll-letters  may,  wherever  it  is  compatible  with  the  inclina¬ 
tion  of  the  ground,  be  conveyed  ten  or  fifteen  miles  to  and  from 
London  by  means  of  iron  or  wooden  fie  Ik  of  a  globular  form, 

rolling 
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rolling  in  a  cylinder  of  brick  or  Jlone.  When  clofed  and  locked, 
a  “due  momentum  being  given  at  a  proper  elevation,  it  <s  eafy 
to  fee  that  their  (peed  and  fecurily  mud  far  furpafs  any  other 
mode  of  conveyance  that  we  at  preient  know  of;  and  all  that 
would  be  necelfary  in  addition  to  the  machine  would  be  to  have 
proper  beds  ot  land  or  wool  bags  to  blunt  their  projectile  force 
at  the  end  of  their  career. 

I  fiiall  noL  at  prefent  enter  into  the  difeudion  of  the  con- 
d/u&ion  of  the  tube-road,  or  go  to  a  calculation  of  their  ex¬ 
pence ;  but  if  you  think  the  bare  hint  worth  publilhing  it  will 
give  me  pleafure,  fliould  the  idea  be  approved,  to  go  into  all 
the  minutiae  of  their  utility  in  other  relpeCts,  and  the  means 
of  their  ultimate  accomplifliment ; 

Being  always,  Sir, 

Your  obliged  humble  fervanl, 

G.  C. 


XI. 


On  the  State  of  Provincial  Societies  for  Scientific  and  Literary 
Improvement.  By  a  Correspondent. 


To  Mr.  NICHOLSON. 


SIR, 


B 


EING  in  the  cudom  of  vifiting  Aberdeen,  in  one  of  my  Great  advantage 


lad  tours,  I  inquired  if  there  were  any  Antiquarian  or  Li-  ^at  vvould  re_ 
terary  Society,  or  Subscription  Library  there,  and  was  much  0f  Aberdeen0'*1' 
furprized  to  find  neither  one  nor  the  other;  there  is,  I  was  from  he  efta- 
told,  an  Athacneum,  in  which  a  good  number  of  newfpapers,  p^iic  libra^  * 
and  fome  of  the  mod  refpeClable  periodical  publications,  are  & c. 
taken  in,  and  in  a  room  above  that,  a  circulating  library; 
this  lad  I  knew  to  be  the  property  of  two  very  refpeclable 
bookfellers  in  Aberdeen,  and  I  believe  the  former  is  aid),  but 
t he  two  united  by  no  means  effeCI  the  utility  of  either  a  lite¬ 
rary  fociety,  or  a  fubjeription  library,  in  which  the  books ;  fyc. 
are  the  property  of  the  members,  and  who  ft  concerns ,  fuch  as 
(hoofing  and  ordering  books ,  and  the  like,  are  conducted  by  a  com¬ 
mittee,  chofen  out  of  the  J'ubfcribers.  Few  of  thole  who  know 
that  there  is  no  fuch  indilution  there,  when  they  condder  the 
relpeflability  of  the  place,  either  in  a  commercial  or  literary 

view. 


I 
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and  to  other  re 
fpediable  and 
opulent  places. 
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view,  but  rnuft  feel  greatly  aftonifhed  ;  and  more  particularly 
will  the  want  appear,  when  it  is  alfo  known,  that  in  Montrofe, 
Arbroath,  Dundee,  and  Perth,  places  much  fmaller  than 
Aberdeen,  and  not  poftefting  any  college  eftablithment,  there 
are  fub/criplion  libraries,  on  the  above  plan  ;  nay,  that  Perth 
hath  alfo  an  Antiquarian  Society  !  Subjoined  is  a  lift  of  fome 
other  places  in  North  Britain,  enjoying  the  advantages  of  fuch 
eftabhfhments  as  I  would  recommend  to  Aberdeen  ;  fome 
of  whom,  it  is  obvious,  have  not  near  the  profped  of  fuccefs 
that  that  place  could  command, 

Glafgow,  Paifley,  Greenock, 

Kilmarnock,  Linlithgow,  Haddington. 

On  the  borders  of  Northumberland,  Dunfe  and  Kelfo, 
The  annual  fubfcription  to  none  of  theje  is  more,  in  fome 
cafes  not  fo  much,  as  to  the  Athaeneum  of  Aberdeen  and  others, 
and  they  all  poftefs  very  excellent  and  increaftng  fele&ions 
of  books. 

I  am,  Sir, 

Your’s  refpe&fully, 

A  TRAVELLER. 

York  Hotel,  Bridge  Street , 

Black  Friars. 


-  P .  Y.  I  am  forry  to  be  informed  (hat  neither  Invernefs,  Banff, 

or  Peterhead,  poftefs  fuch  inftilutions,  particularly  thefirft,  which 
prefents  fuch  an  abundant  number  of  objects  to  the  antiquarian, 
and  is  furrounded  by,  and  contains,  fo  many  gentlemen  of 
difiinguifhed  liberality,  and  ingenuity;  atthisplace  thenorlhern 
meeting  was  eftablifhed  for  the  avowed  purpofe  o  promoting 
intercourfe  amongft  diftant  families,  but  how'  much  more  might 
be  effe&ed  of  general  amelioration  and  comfort,  by  the  efta- 
blifhment  of  a  Literary  and  Antiquarian  Society,  in  which  fub- 
jecls  connected  with  general  improvement  might  be  difeuftfed, 
and  books  in  chemiftry,  agriculture,  and  other  more  imme¬ 
diately  ufetul  parts  of  knowledge,  collected. 


Notice 


* 
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xir. 

Notice  of  certain  Inftanccs  of  ivafteful  Negligence  in  fome  Fifheries 
in  the  North.  By  an  Enquirer. 

To  Mr.  NICHOLSON. 

SIR,  London ,  06t.  10,  1805. 

It  is  mentioned  in  the  Statiftical  Reports  of  Banff  and  Peter-  Inftances  of 
head,  that  the  fifhermen  there  never  think  of  carrying  their  fifh  ^ 
along  the  coafl  foutlnvard,  which  they  might  do,  to  Leith,  in  fifheries. 

24  hours,  or  with  a  good  britk  wind  to  Berwick-upon-Tweed, 
or  even  Newcaftle-upon-Tyne ;  but  when  their  refpe&ive 
towns  are  fupplied  they  throw  the  remainder  upon  the  dunghills 
for  manure !  this  was  pofitively  affirmed  to  me  as  a  truth,  by 
a  gentleman  of  great  refpeftability  of  Aberdeen. — At  Arbroath 
another  cuftom  equally  as  extravagant  in  its  kind  prevails, 
and  of  which  I  have  been  a  witnefs:  the  crab  fifhery  there  is 
fo  productive,  that  after  boiling  them,  the  bodies  of  the  crabs 
are  thrown  away,  and  the  large  claivs  only  brought  to  table  ! 

Ought  not  fuch  amazing  watte  to  be  remedied  ?  * 

Your’s  refpeCtfulIy, 

An  ENQUIRER. 

i.T-7r^-zsss£=^ss=s=rs  . :  ■  . - ■  ;  :■ 


XIII. 

On  Bile.  By  M.  Thenard  f. 

-BlLE  has  been  commonly  confidered  as  afaponaceous  liquor  Bile  eonfideredl 
charged  with  albumen  :  but  it  has  been  found,  upon  clofer  in-  a|^a  foaPwith 
veftigation,  to  prefent  phenomena  which  cannot  be  accounted 


*  Qu.  What  may  the  value  of  manure  procured  from  fill)  atthefe 
places,  compared  with  the  price  of  the  article  at  the  neighbouring 
m-rkets,  fubjeCt  to  the  deduction  of  carriage  (coaftwife),  and  the 
effeCt  of  a  rival  fupply  from  nearer  parts  of  the  coaft  ? — The  faCts 
which  would  folve  this  queftion,  would  fhew  whether  the  fifhermen 
negleCt  their  interefls  in  thefe  proceedings, — W.  N. 

+  Bulletin  des  Sciences,  No.  55. 
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D«(lru£liv»!  dif- 
til'atlon  leaves 
one-eighth,  In 
which  is  only 
one-fifth  of  § 
foda;  and  this 
cannot  faponify 
the  oil. 


Add  feparates 
oil  and  albumen 
from  bile  ;  the 
clear  fluid  is 
bitter,  and  af¬ 
fords  by  evap. 
a  refiduum. 


^The  oil  with  an 
alkali  and  aibu- 
naen  is  not  bile. 


Bile  contains  a 
peculiar  matter. 


Acetite  of  lead 
precip.  the  oil 
and  alb.  The 
liquor  by  evap, 


Tor  merely  by  the  prefence  of  thefe  principles:  (his  is  more 
particularly  to  be  obferved  on  fubmilting  it  to  the  addion  of 
fire  and  of  acids. 

bile,  it  diddled  to  drynefs,  leaves  a  refiduum  equal  to  -*-th 
of  its  original  .weight ;  from  100  parts  of  which  calcined  is 
obtained  a  carbonaceous  matter,  comprifing  feveral  kinds  of 
hilt;  as  marine  fait,  phofphate  of  fodn,  (ulphate  of  foda, 
pholphate  of  lime,  oxide  of  iron,  and  four  parts  of  foda.  Bile 
therefore  contains  no  more  than  parts  of  its  weight  of  foda. 

So  (.nail  a  portion  of  alkali  would  not  be  fufficrent  of  itfelf 
to  dillolve  that  quantity  of  oil  which  is  known  to  exit!  in  bile: 
a  fair  preemption  may  therefore  be  entertained  that  this  li¬ 
quor  contains  (o  ne  other  property  to  fupply  the  abfence  of  al¬ 
kali.  I  his  conjc6lure  increafes  to  firong  probability,  if  not 
to  abiouite  certainty,  in  attending  to  t lie  action  of  acids  on 
bile. 

If  a  few  drops  of  acid  be  m>xed  with  bile,  a  liquor  of  a 
reddifil  tint  is  obtained,  which  dains  paper  of  a  bright 
yellow.  In  this  experiment  little  or  no  precipitation  is  per¬ 
ceived  ;  but  on  the  addition  of  more  acid,  it  takes  place  abun¬ 
dantly  :  the  matter  depot!  ted  con  fids  of  albumen  joined  with 
a  veryr  fmad  portion  of  oil,  not  at  all  correfpondent  to  the 
quantity  of  thefe  fubdances  to  be  found  united  in  pure  bile.  The 
liquor  remaining  afier  filtration  is  of  an  extremely  bitter  tafte, 
and  leaves  on  evaporation  a  refiduum  equal  to  what  is  ob¬ 
tained  from  a  like  quantity  of  bile  in  its  original  fiale. 

On  diflblving  the  oil,  which  had  been  previoufiy  obtained 
from  bile,  in  alkali,  and  adding  to  the  ley  produced,  a  portion 
of  albumen,  a  combination  took  place  which  was  decompofed 
by  the  mod  feeble  acids,  and  from  which  vinegar  precipitated 
all  the  oil.  This  combination,  therefore,  was  not  bile;  con- 
fequently  bile  confide  not  merely  of  albumen,  oil,  and  foda; 
and  this  is  the  reafon  why  foluble  falls,  barites,  ftrontian,  lime, 
and  (evera!  metallic  difiolvents,  make  no  impreflion  upon  bile. 
I\ o  longer  aoubtmg  that  there  exided  in  bile  a  matter  peculiar 
to  itlelf,  I  endeavoured  to  feparate  it;  and  after  a  few  trials, 

I  fu cceeded,  by  means  of  a  combination  of  acetous  acid  with 
lead. 

On  pouring  into  bile  acetite  with  a  flight  excefs  of  oxide  of 
lead  (that  is,  acetite  of  common  lead  boiled  with  about  the 
6tb  part  of  its  own  weight  of  litharge  deprived  of  it*  carbonic- 

acid) 
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acid)  the  whole  of  the  albumen  and  oil  were  precipitated;  the  gave  a  fubftanca- 
liquor  being  filtered,  the  oxide  of  lead  and  acetite  were  fepa-  pUre' 
rated  from  it  by  means  of  fulphurated  hidrogen ;  and  by  eva¬ 
poration,  after  having  again  filtered  the  liquor,  a  fubftance 
was  obtained  whofe  flavour  was  at  once  faccharine  and  acrid, 
fomewhat  limilar  to  the  juice  of  certain  kinds  of  liquorice. 

But  as  this  fubftance  was  dill  fuppofed  to  be  charged  with  the 
lalts  of  the  bile,  changed  into  acetite,  by  the  acetite  of  lead, 
it  was  precipitated  with  acetite  fuper-faturated  with  oxide  of 
lead,  containing  one  paFt  of  the  quantity  of  acid  found  in  com¬ 
mon  lead;  the  precipitate  was  ditfolved  in  vinegar,  to  free  it 
from  the  fulphurated  hidrogen,  filtered,  and  again  evaporated  ; 
by  which  means  the  matter  was  obtained  in  its  greated  purity. 

Its  principal  qualities  are  :  ha£l  d?e  Peculur 

1.  Being  foluble  in  water,  and  in  alcohol,  (lightly  deli-  enumerated? 
quefcent. 

2.  It  is  not  precipitated  by  acetite  of  common  lead  ;  but  is 
entirely  fo  by  the  fat urated 'acetite  of  lead,  whiclh  precipitate  is 
foluble  in  acetite  of  foda. 

3.  It  w  ill  not  ferment  with  yead ;  will  give  no  ammonia 
by  diitillation  ;  and  is  not  affected  by  the  prefence  of  nut- 

galI« 

4.  It  dilfolves  the  oily  matter  of  bile  :  but  to  facilitate  this 
operation,  it  is  neceffary  to  didolve  the  two  matters  together  in 
alcohol,  evaporate,  and  wafn  the  refiduum  in  water.  One 
part  of  the  faccharine  and  acrid  fubdance  dillolves  only  three- 
fourths  of  the  oily  matter.  Now,  as  thefe  matters  are  nearly 
in  equal  proportions  in  bile  itfelf,  it  mud  be  admitted  that 
foda  contributes  towards  the  complete  didolution  of  the  oil ; 
neverthelefs  acids  fcarcely,  if  at  all,  afifett  it. 

In  reflecting  on  the  above  experiment  and  its  refults,  I  con-  Bile  confifts  of  2 
eluded  that  bile  was  a  triple  compound  of  n  little  foda  and 5ltt,e  fo?a  and 

r  *  „  much  oily  and 

much  oily  and  faccharine  matter;  that  acids  decompofed  it  faccharine  mac- 
but  in  part;  in  other  words,  that  it  was  capable  of  containing  ter*  &c* 
an  excels  of  acid  without  having  its  portion  ot  foda  neutralized. 

I  therefore  calcined  bile  that  had  been  aeiduiated  with  ful- 
phuric,  muriatic,  and  other  acids,  and  found  in  each  cafe  the 
foda  left  in  the  calx  :  it  is  therefore  very  probable  that  the  fac¬ 
charine  matter,  in  conjunction  with  the  oil,  decompofed  a 
certain  quantity  of  marine  fait,  and  deftroyed  the  power  of  the 
acid. 


It 
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of  component 
j»rts  or  bile. 


Analyfis. 


Numtrical  re- 
fult. 
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,  ,  ,  ,  w  t  / 

It  would  have  been  of  little  fervice  (o  defcribe  the  confii- 

tuent  parts  of  bile,  had  their  proportions  been  left  unafcerlained; 
I  have  therefore  endeavoured  to  determine  them  in  the  follow¬ 
ing  analyfis : 

By  means  of  nitric  acid,  I  feparated  the  animal  fubfiance, 
which  is  (uppofed  to  be  albumen,  with  a  very  fmall  portion  of 
oil:  this  being  foluble  in  alcohol  and  the  other  not,  it  was 
eafy  to  afcertain  the  weight  of  each.  I  then  precipitated  all 
the  oily  matter,  with  acetiteand  a  (mall  excefs  of  oxide  of  lead  : 
this  precipitate  being  mixed  with  the  metallic  oxide,  I  diflblved 
it  in  wreak  nitric  acid  ;  after  filtering  the  liquor,  I  deprived 
it  of  the  lead  which  remained,  by  means  of  fulphurated  hy¬ 
drogen;  and  by  evaporation,  I  obtained  the  peculiar  fubfiance, 
mixed,  indeed  with  the  (alts  of  the  bile,  which  had  moftly 
undergone  a  change  by  the  acetite  of  lead,  and  whofe  weight 
had  noted. 

I  afeertained  the  quantity  of  foda  by  calcining  100  parts  ex¬ 
tracted  from  bile,  and  comparing  with  much  care  how  much 
the  refiduum  would  imbibe  of  acid  at  16°,  with  the  quantity 
imbibed  by  pure  foda.  I  alfo,  by  means  not  neceffary  to  Hate 
here,  obtained  the  quantity  of  each  of  (he  other  falls  con¬ 
tained  in  bile  ;  from  all  which  experiments,  made  with  the 
utmoft  care,  I  conclude  that  800  parts  of  the  bile  of  an  ox 
contain — 


Water 

700  Y 

Oily  matter 

-  43 

Particular  fubfiance  - 

41 

Animal  fubfiance 

4 

Soda 

4 

Marine  fait 

3.2 

Sulphate  of  foda 

0.3 

Phofphate  of  foda 

2 

Phofphate  of  lime 

1.2 

Oxide  of  iron 

-  0.5 

799.7 

N,  B.  This  calculation  is  ^  deficient  of  the  given  quantify. 

Bile  forms  an  interefiing  fubjeCt  for  a  number  of  other  re- 
fearches ;  the  varieties  to  be  found  in  the  feveral  fpecies  of 
animals,  arrd  which  a  multitude  of  circumftances,  particularly 
a  morbid  affection  of  the  organ  which  fecretes  it,  may  modify ; 

5  the 
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the  calculi  which  are  there  formed,  and  are  of  a  pceuliar  na¬ 
ture;  the  oleaginous  and  animal  fubflances ;  and  that  parti¬ 
cular  matter,  differing  from  all  others  hitherto  known;  will  not 
fail  to  excite  a  lively  intereft,  and  are  the  fubjedt  of  feveral 
other  Papers  which  I  purpofe  fhortly  to  bring  before  the 
public. 


XIV. 

Quotation  from  Sir  George  Staunton’s  Embajfy,  containing  a 
Defcription  of  Fire  Works  unknown  in  Europe.  Propofed  by  a 
Correfpondent  with  a  View  to  obtain  Explanation  of  the  Means 
by  which  they  were  produced. 

To  Mr.  NICHOLSON. 

.  SIR,  \  . 

I  prefume  to  think  it  will  accord  with  the  general  aim  of  your  Introdu&Umi 
excellent  colledtion  to  infert  the  following  quotation;  and  I 
indulge  the  hope  that  your  compliance  with  my  requefl  for 
that  purpofe  may  produce  an  explanation  from  fome  of  your 
ingenious  correfpondents. 

I  am  Sir, 

Your  conflant  reader, 

P.  Me 

f‘  After  the  ballets,  Fire-works  were  played  off ;  and  even  Remarkable 
in  the  day-time  had  a  {hiking  effedt.  Some  of  the  contrivances  f^  chinefef 
were  new  to  the  Englifh  fpedtators.  Out  of  a  large  box,  among 
other  indances,  lifted  up  to  a  confiderable  height,  and  the 
bottom  falling  out  as  if  it  were  by  accident,  came  down  a 
multitude  of  paper  lanterns,  folded  flat  as  they  ifllied  from  the 
box,  but  unfolding  themfelves  from  one  another  by  degrees. 

As  each  lantern  aflumed  a  regular  form,  a  light  was  fuddenly 
perceived  of  a  beautifully  coloured  flame,  burning  brightly 
within  it;  leaving  doubtful  by  what  delufion  of  the  fight  thofe 
lanterns  appeared,  or  by  what  property  ot  combuflible  mate¬ 
rials  they  became  thus  lighted,  without  any  communication 
from  the  outfide  to  produce  the  flame  within.  This  devolution 
■and  developement  were  feveral  times  repeated,  with  a  difference 
Yol.  XII — December,  18Q5.  T  .  of 
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of  figure  every  time,  as  well  as  of  (lie  colours,  with  which  th<5 
Chinefe  feem  to  have  the  art  of  clothing  fire  atpleafure.  On 
each  tide  of  the  large  box,  was  a  correfpondence  of  (mailer 
boxes,  which  opened  in  like  manner,  and  let  down  a  kind  of 
net  work  of  tire,  with  divifions  of  various  forms,  which  thone 
like  burniflied  copper,  and  flatbed  like  lightning  at  every  im- 
pulfe  of  the  wind.  The  whole  ended  with  a  volcano,  or 
eruption  of  artificial  fire,  in  the  grandeft  ftile.” — See  Staunton’s 
Embajfy  to  China ,  Volume  III.  page  73. 


XV. 


Carbonate  of 


'  *  t  *  .  ^ 

On  the  Carbonate  of  Potajh .  By  M,  Steinacher  *. 

.  Chemists  know  that  carbonate  of  potafli  well  faturated. 

potaih  requires  ,  ,  1 

be  formed  by  i0  as  1°  effiorelce,  can  only  be  formed  by  making  pafs  through 

paffing  the  gas  a  cold  alcaline  folution  a  quantity  of  carbonic  acid  fuflicient 

a^kaHne  folution  caute  a  Ipontaneous  cry flallization.  For  on  flopping  the 
till  it  cry  flat-  difengagement  of  gas  at  the  moment  when  the  earth  of  the 

by  evaporation.  a^a*‘  appears  to  be  depofited,  and  evaporating  the  liquor  by  a 
mild  heat,  there  are  only  laminated  cryflals  obtained,  which 
foon  deliquefce. 

The  gentle  heat  Alkaline  ley  warmed  by  heat  of  tan,  according  to  the  me- 
of  Curaudeau  thod  Curaudeau,  does  not  fucceed  any  better  in  form- 

mg  a  well  iaturated  alkali  by  evaporation.  I  have  experienced 
that  its  cryflals  grow  moitl,  and  the  author  himfelf  acknow¬ 
ledges  a  flight  deliquefcerjce. 

Weber’s  appa-  It  is  generally  agreed,  that  the  apparatus  of  Welter,  de- 
pUMMd^and'fo  kribed  in  tiie  twenty-feventh  Volume  of  the  Annales  de  Chi- 
is  that  of  Pelle-mie,  is  too  complicated,  and  that  of  M.  Pelletier  has  been 
adopted  in  its  place  in  almoft  all  laboratories,  with  fome  al¬ 
terations  in  the  difpofition  of  the  firtl  bottle,  to  which  is  fixed 
a  tube  with  a  double  or  triple  perpendicular  curvature,  for 
the  in  1  rod u 61  ion  of  the  acid,  or  a  long  pipe  of  glafs  terminated 
in  a  tunnel.  The  chalk  mixed  with  water  to  the  coniiftence 
of  thin  foup,  is  poured  by  degrees  into  this  pipe,  which  is 
flopped  by  a  glafs  rod  accordingly,  and  the  gas  is  forced  to 
traverfe  the  bottles  containing  the  alkaline  ley. 


tier. 


*  From  the  Annales  de  Chimie,  Tom.  LV. 


This 
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This  method  is  in  my  opinion  attended  with  much  incon-  The  reafon 
venience,  for  when  a  tube  with  many  perpendicular  flexures 
is  ufed,  it  muff  be  charged  with  a  column  of  the  fluid  fufficient 
to  counterbalance  the  prelfure  of  the  carbonic  acid  gas,  and 
confequently  to  give  an  elevation  which  expofes  it  to  be  eafily 
broken  ;  and  when  a  long  horizontal  pipe  of  glals  is  employed, 
it  often  happens  that  the  chalk  is  exploded  into  the  air,  when 
the  piflon  is  opened. 

Another  method  appears  to  be  more  Ample  and  commodious  Simpler  method 
than  this,  which  is  fomething  like  that  of  M.  Brugnatelli,  but  de" 
the  Italian  chemifl  has  not  publithed  the  details  of  his  method, 
without  which  it  is  impoflible  to  be  followed. 

A  kilogram  of  chalk  in  powder  is  to  be  put  into  a  bottle  with 
two  or  three  necks,  capable  of  containing  12  kilograms  of 
water;  on  this  is  to  be  poured  a  litre  of  a  mixture  of  one  and 
a  half  kilogram  of  vitriolic  acid,  with  nine  kilograms  of  fpring 
water :  the  gas  is  expelled,  and  a  cruft  of  fulphate  is  formed  at 
the  furface  of  the  calcareous  carbonate.  At  the  end  of  two 
hours  all  the  reft  of  the  acid  water  is  to  be  added,  and  the 
bottle  flopped  quickly.  Bubbles  of  the  gas  will  be  rapidly 
difengaged,  but  they  will  by  degrees  be  difcharged  more  flowly, 
and  continue  to  be  fo  moderately  for  twenty-four  hours;  then 
the  mixture  is  to  be  ftirred  with  an  iron  rod,  and  the  gas  will 
continue  to  be  developed  for  24  hours  more,  with  little  in¬ 
terruption. 

I  found  the  term  of  the  effervefcence  prolonged  by  the  re¬ 
finance  which  was  oppofed  to  the  a&ion  of  the  (ulphuric  acid 
on  the  chalk  by  the  denfity  which  the  combination  neceflarily 
acquired  ;  which  denfity  the  tendency  of  the  fulphuric  acid 
to  augment  the  folubility  of  the  fulphate  of  lime,  fixed  to  pro¬ 
per  limits. 

As  my  apparatus,  with  the  exception  of  the  firfl  bottle,  is 
the  fame  of  that  of  M.  Pelletier  defcnbed  in  the  fifteenth  Vo¬ 
lume  of  the  Annales,  1  {hall  not  fpeak  of  it,  but  only  make 
the  following  remarks: 


1.  Pelletier  was  wrong  in  negle&ing  to  ufe  an  intermediate 
bottle  half  filled  with  water :  which  is  very  neceflary  to  fepa- 
rate  the  fulphuric  acid  which  the  gas  always  brings  over. 

2.  The  tubes  of  an  inch  diameter,  being  too  difficult  to  be 
bent,  may  be  replaced  by  others  of  feven  or  eight  iine3  aperture., 
which  will  do  equally  .well. 
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3,  The  alkaline  folution,  made  by  two  lb.  alkali  to  three  lb.' 
water,  cryffallizes  too  quick,  and  before  the  precipitation  of 
the  {ilex. 

•  *  The  dofes  of  alkali  and  water  mod  favourable  to  a  regu¬ 

lar  cryffaliization,  at  the  temperature  of  from  5  to  10  above  0 
of  Reaumur,  are  one  part  of  diftilled  water,  and  half  a  part 
of  purified  potafh. 

If  the  refults  of  my  experiments  (ball  improve  the  prepara¬ 
tion  of  carbonate  of  potafh,  and  if  the  difpoti tion  of  my  appa¬ 
ratus  prevents  the  neceflity  of  continually  watching  its  direc¬ 
tion,  by  procuring  without  trouble  that  gentle  and  continued 
prefiure,  of  which  Pelletier  perceived  the  efficacy  for  the  fatu- 
ration  of  the  alkali,  I  have  reafon  to  think  that  the  true  friends 
of  chemiftry,  I  mean  thofe  who  pradtife  it,  will  confider  my 
obfervations  with  indulgence. 


XVI. 


A  luminous 
bottle.  Put  a 
(mall  piece  of 
phofphorus  in  a 
long  phial :  pour 
on  it  boiling  oil. 
The  fluid  will 
give  light  in  the 
vacuous  fpace 
whenever  the 
cork  is  pulled 
out. 


Method  of  preparing  a  luminous  Bottle ,  which  long  prefl  rves  its 

•  Fffea* 

It  h  eafy  to  prepare  a  bottle  which  fliall  give  fufficient  light 
during  the  night  to  admit  of  the  hour  being  eafily  feen  on  the 
dial  of  a  watch,  as  well  as  other  objedls,  by  the  following 
means. 

A  phial  of  clear  white  glafs,  of  a  long  form,  ffiould  be 
chofen,  and  fome  fine  olive  oil  ffiould  be  heated  to  ebullition 
in  another  veffel .  A  bit  of  phofphorus,  of  the  fize  of  a  pea, 
ffiould  be  thrown  into  the  phial,  and  the  boiling  oil  ffiould 
then  be  carefully  poured  over  it,  till  the  phial  is  one-third 
filled  :  The  phial  ffiould  then  be  carefully  corked;  and,  when 
it  is  to  be  ufed,  it  ffiould  be  unffopped,  to  admit  the  external 
,air,  and  clofed  again  :  The  empty  fpace  of  the  phial  will 
then  appear  luminous,  and  give  as  much  light  as  a  dull  ordi¬ 
nary  lamp.  Each  time  that  the  light  difappears,  on  removing 
the  ftopper  it  will  inftanlly  re-appear.  It  is  proper  to  ob- 
ferve,  that  in  cold  weather  it  will  be  neceflary  to  warm  the 
bottle  for  a  little  while  in  the  hands  before  the  ffopper  is  re¬ 
moved,  without  which  precaution  it  would  not  yield  any  light. 

*  Sonini’s  Journal. 
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A  phial  thus  prepared  may  be  ufed  every  night  for  fix 
months:  there  is  no  danger  of  fire  from  it,  and  its  coft  is  very 
(mail. 


XVII. 

Jnalyfis  of  the  Magnefian  Earth  of  Baudijjcro  in  Canavais  (in 
the  Department  of  the  Loire,)  known  by  the  Name  of  Porcelain 
Earth,  and  hitherto  confidered  as  a  Clay .  By  M.  Giobert.* 

The  earth  of  Baudiffero,  known  by  the  name  of  porcelain  Porcelain  earth 
earth,  has  been  hitherto  confidered  as  one  of  the  pureft  argil- co^/"ldered  a* 
Jaceous  earths  known  in  the  hiftory  of  foffils,  and  is  arranged 
in  our  cabinets  of  minerals  as  native  alumine. 

In  a  manufacture  of  flone-ware  pottery,  which  has  been  yfed  as  fuch  In 
eftabliflied  at  Vineuf,  this  earth  has  been  ufed  for  a  long  time,  the^  ftone-ware 
as  a  clay  of  extraordinary  purity.  The  celebrated  Macquer,  neuf.^  * 
and  with  him  Baurae,  to  whom  fpecimens  of  this  earth  were 
lent  from  the  above  manufacture,  pronounces  pofitively  that  it  Various chemifts 
was  a  clay  of  fuperior  quality  to  that  which  they  ufed  in  the  conclufio^  famc 
manufactory  of  porcelain  at  Sevres, 

DoCtor  Gioanetti  continued  to  ufe  it  in  the  manufacture  of 
his  fine  porcelain  at  the  fame  Vineuf;  and  he  engaged  in,  if 
not  an  analyfis,  at  leaft  fome  experiments  on  this  earth,  to  af- 
certain  more  precifely  the  proportions  in  it  between  filex  and 
earth,  which  he  believed  to  be  pure  alumen.  Thefe  experi¬ 
ments  convinced  DoCtor  Gioanetti,  that,  with  the  exception 
of  a  little  carbonic  acid  which  he  found  in  it,  the  earth  of 
Baudiffero  was  an  alumen  almoft  perfectly  pure,  or  at  lead  the 
pureft  that  he  had  ever  met  with. 

This  chemift,  when  I  made  enquiries  of  him  relative  to  The  alumine 
this  earth,  affured  me  frequently,  that  picked  pieces  yielded 
him  fometimes  ninety  per  cent,  of  alumen,  including  a  little 
carbonic  acid,  and  that  in  the  grofs  it  yielded  eonftantly  at 
leaft  80. 

On  the  perufal  of  the  mineralogical  defeription  of  themoun-  Other  author!* 
tains  of  Canavais  by  the  Chevalier  Napion,  it  will  be  found 
that  this  eftimable  mineralogift  has  not  hefitated  to  declare  the 


*  Journal  de  Phyfique,  LX* 
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fcarth  of  BaudilTero  to  be  the  mod  pure  alumen  ever  found  in 

Biedmont;  and  again  in  his  elements  of  mineralogy,  he  men-* 

tions  the  earth  of  BaudilTero  as  native  alumen. 

Conr-ary  tothcf*  FaCts  fo  pofitively  alferted  by  fcientific  men  fo  edimable  as 

aflertions  this  Maquer,  Baume,  and  our  colleagues  Gioanetti  and  Napion, 

native  earth  con-  no  doubt  of  the  nature  of  this  earth;  to  which  au- 

tains  no  alummc  #  . 

« ail.  thorities  might  be  added  the  fuccefs  with  which  Gioanetti  con- 

ftantly  ufed  itinhis  porcelain  manufacture. 

Among  a  number  of  refearches  which  I  made  relative  to  the 
artificial  fabrication  of  fulphale  of  alumen,  I  employed  myfelt 
on  this  earth,  and  to  my  great  furprize  found  that  the  earth  of 
Baudifiero  not  only  was  not  pure  alumen,  but  did  not  even 
contain  an  atom  of  it. 

,  The  town  of  Baudiilero  isfituated  at  lead  three  leagues  from 

Immenfe  quan-  1  i  .  1  r  •.  ' 

tides  of  fulphu- Ivree  and  from  Brozo,  this  lalt  village,  as  celebrated  tor  its 

ret  of  vron  at  iron  mjnes  as  for  the  manner  in  which  they  are  wrought,  con- 

Baudificro.  ^a;ns  \n  a  mountain,  among  other  minerals,  an  inexhauflibta 

mafs  of  fulphuret  of  iron  of  a  remarkable  purity,  where  there 

is  edablifhed  a  manufacture  of  fulphate  of  iron  by  the  com- 

buftion  of  the  fulphur. 

T fflorefcence of  On  infpeCting  this  manufacture  lad  year,  I  was  druck  with 
the  neighbouring  the  fingularly  powerful  aCtion,  which  the  fulphureous  acida 
by  Sulphureous  formed  by  the  combudion  of  the  fulphur,  (and  of  which  a  part 
vapours.  expanded  itfeif  to  neighbouring  places,)  exercifed  on  the 

great  blocks  of  done. 

’  Thefe  dones  were  a  fort  of  granite  fchidus;  and  the  ful¬ 
phureous  acid  attacked  them  fo  forcibly  that  it  made  them  ex¬ 
foliate,  and  at  lad  reduced  them  to  a  fpecies  of  efflorefcence, 
or  white  powder  evidently  faline,  in  which  its  adringent  tafte 
announced  fulphate  of  alumen. 

probability  that  This  circumdance  made  me  think  that  if  a  good  argil  was 
fulphate  of  alu-  expofed  to  the  aCtion  of  the  acid  it  would  be  alumenated  ;  and 
mi^or  alum  (he  earth  of  BaudilTero,  which  I  believed  to  be  almod  pure 
tageoufly  made  alumen,  being  at  fuch  an  inconfiderable  didance,  made  me 
from  the^  porce-  conceiVe  the  hope  of  being  able  to  edablifh  with  economy  at 
?  Piedmont,  a  manufacture  of  artificial  fulphate  of  alumen. 

Very  prowling  The  idea  of  this  efiablifhment  appeared  to  me  to  be  fo  much 
j^pcal  advantages-  the  more  fortunate  as  there  was  at  the  foot  of  the  fame  moun¬ 
tain  which  contained  the  pyrites,  a  great  turbary,  which  ex¬ 
tended  almod  as  far  as  Chinfella,  that  is  to  fay,  almod  to 
BaudilTero,  and  wbitb  might  furnifh  fuel  a  very  fmall  ex- 
;•  ■  *  *  penfe  j 
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penfe;  and  it  Teemed  to  me  that  nature,  in  placing  at  one  fide 
an  inexhauftible  mine  of  fulphur,  and  at  the  other  inexhaufi- 
ible  malfes  of  the  proper  earth  of  an  extremely  rare  purity, 
and  between  them  an  abundant  fupply  of  fuel,  of  the  fort 
mod  proper  for  this  kind  of  work,  had  done  its  utmoft  in  fa¬ 
vour  of  the  efiabliftiment  I  intended. 

There  only  remained  to  make  fome  experiments  with  a  view  Experiments 
to  afcertain  the  moft  profitable  way  of  proceeding;  and  to  preparatory, 
examine  principally  if  the  iron  which  is  united  to  the  fulphur 
in  the  pyrites,  would  not  be  injurious  to  the  fulphate  of  alu- 
men  obtained. 

With  this  defign  I  began  by  examining  the  aclion  of  the  earth 
of  Baudiflero  on  the  fulphate  of  iron,  and  the  quantity  of  the 
earth  neceffary  for  the  decompofition  of  a  given  weight  of  ful¬ 
phur* 

In  the  different  experiments  the  fulphate  of  iron  diffolved  The  earth  of 
in  water,  and  boiled  with  this  earth  indifferent  proportions  Baudlff<er,°Jde, " 
became  evidently  decompofed  after  boiling  for  lefs  than  a  quar-  phate  of  iron  in 
ter  of  an  hour ;  the  iron  was  precipitated  of  a  blackifh  grey,  humid  way, 
while  the  lolution  was  colourlels,  and  ammonia  dropped  into  was  added  an <£ 
it  formed  only  a  very  white  precipitate,  which  did  not  an- t^e  hquor  fee  > 
qounce  much  iron:  I  filtered  the  liquor,  of  which  one  paFt t0  cryftd‘llZe<* 
was  mixed  with  a  little  potafh,  and  placed  fo  as  to  cryfialize  ; 
and  to  afcertain  whether  there  was  any  potafii  in  the  earth  of 
Baudiffero,  I  fet  another  part  to  cryfialize  without  any  alkali. 

I  obferved  that  the  liquors  cryfiallized  immediately  after  be-  it  gave  fulnbat^ 
coming  cold;  but  in  the  place  of  octahedrons,  I  found  the  oi  magnefia  and 
moft  perfeCt,  the  raoft  beautiful,  and  pureft  cryfials  of  fulphate  not  allum* 
of  magnefia. 

The  liquor  which  remained  produced,  on  a  new  evapora- All  the  cryfials 
tiop,  the  fame  pure  cryfials  of  fulphate  of  magnefia;  and  ^nifhence 
did  the  dime  on  fuccefiive  evaporations  and  cryfializations  to  magnefia  is  an 
the  laft  drop  of  the  liquor.  In  this  manner  was  a  natural  alu-  e*cellent  Porc?~ 

*  *  l^i n  Cfirth 

men  transformed  entirely  into  magnefia,  and  at  the  fame  in¬ 
fant  magnefia  became  at  once  an  excellent  porcelain  earth. 

If  examples  of  this  kind  fiiould  multiply,  the  neceflity  of  che¬ 
mical  analyfis  for  the  knowledge  of  foffils  will  become  more  - 
and  more  manifeft,  and  lefs  reliance  will  be  learned  to  be 
placed  on  their  external  and  phyfical  charaClers,  which  at  prq-» 

|'^nt  feeras  to  me  to  be  top  much  ^bufed,  ^ 

The 
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^1  ore  careful  The  above  unexpe&ed  refults  engnged  rae  to  piake  a  more 

the  n*adve0earth.  care^u^  examination  of  tiie  earth  of  Baudifiero,  and  which  is 
the  objeft  of  this  memoir. 

At  the  time  when  I  found  that  the  fuppofed  aluraen  of  Baa>- 
diliero  ir,  Canavais,  was  really  a  magnefiau  earth,  J  knew  of 
no  other  example  of  an  earth  truly  magnefian,  but  that  of  the 
earth  ot  Salinelle,  or  ol  Sommieres,  which  Berard  had  made 
known  ( Annales  de  Chimie,  Tome  XXXIX.  p.  65,) 

Other  fpceimen*  In  this  ,magnefian  earth  there  is  no  mixture  of  any  other 
nefia!  ^  l  i3°  *  eari^  except  filex,  and  that  in  a  very  (mail  proportion,  of 
which  fa£t  there  are  but  few  examples.  But  on  receiving  the 
twelfth  volume  of  BrochanPs  Mineralogy,  I  found  that  the 
difeovery  of  a  magnefian  earth  was  announced  in  it,  which  is 
the  native  carbonate  of  magnefia  found  by  Doflor  Mitchel  at 
Roubfchitz  in  Moravia.  From  the  analyfis  which  he  made  of 
it,  and  which  is  mentioned  by  Brochant,  we  are  allured  that 
the  native  carbonate  ot  magnefia  ot  Moravia  is  compofed  only 
of  magnefia  and  carbonic  acid  in  almofit  equal  parts;  but  the 
yellowdfh  grey  colour  fpotted  with  black,  which  Doctor  Mit¬ 
chel  gives  to  this  earth,  feems  fufficiently  to  indicate  the  ex- 
ifienceof  fome  other  eonfiituent  parts.  On  comparing  the 
characters  and  nature  of  the  magnefian  earth  of  Baudifiero,  it 
will  be  eafy  to  perceive  the  differences  which  difiinguifh  it 
from  the  other  preceding  magnefian  earths, 
local fituation of  The  magnefian  earth  of  Baudifiero  is  found  difpofed  in  a 
vein  in  a  fieatite  rock,  of  which  the  mountain  is  compofed 
that  enclofes  it.  It  is  accompanied  bv  an  horn-fione,  fome-. 
times  of  a  tranfparent  pale  colour,  fometimes,  when  its  de- 
compofition  commences,  of  a  white  almofi  opaque.  In  this 
Fate  the  horn-fione  does  not  appear  to  be  that  of  which  DoCtor 
Bonvoifin  has  given  the  defeription  and  analyfis,  under  the 
name  of  the  Hydrophane  of  Piedmont. 

Our  magnefian  earth  appears  in  mafies,  fometimes  in  round- 
mafles,  lumps,  Jfh  lumps  (mamelonnds)  and  fometimes  in  fragments  more  or 
lefs large;  the  lumps  and  fragments  are  fometimes,  but  rarely, 
tuberculofe. 

This  earth  is  of  the  mofi  beautiful  white,  in  which  it  differs 
from  that  of  Moravia,  of  which  the  colour  is  a  yellowifh  grey 
fpotted  with  black,  and  from  that  of  Salinelle,  or  of  Sommi* 
presj  which  is  of  a  chocolate  colour. 


the  earth  of 
Baudifierq. 
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Beautifully 

white. 
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The  hardnefs  of  this  earth  is  variable,  fometimes  it  is  loft,  Soft  or  hard  f<* 

*  i  r  •  r  much  as.  to 

in  which  (late  I  (hall  call  it  the  earthy  lort,  and  lorne  pieces  of  fcratch  ileel1. 

it  have  a  confiderable  hardnefs;  as  In  all  my  experiments  I 

tried  them  comparatively,  I  (hall  name  this  laft  variety  the 

Jiomj  kind,  to  diftinguifli  it  from  the  preceding. 

•  The  ftony  variety  is  fcratched  by  fteel,  lometimes,  on  the 

contrary,  it  is  hard  enough  to  feral ch  fteel.  It  can  be  eafily  Pulverable,  tho* 
J  ,  .  ,  ,  ,  -  not  finely,  per- 

reduced  to  powder;  but  with  much  difficulty  to  very  fine  pow-  manent  ^  the 

der,  and  this  only  takes  place  after  long  trituration  in  a  mortar  air. 
of  porphyry.  Its  hardnefs  neither  increafes  nor  diminilhcs  by 
the  action  of  the  air;  in  this  refpect  it  differs  from  the  magno¬ 
lia  of  Moravia,  which  is  very  friable,  and  from  that  of  Sali- 
nelle,  which  is  foft  in  its  bed,  and  only  grows  hard  on  exfic- 


cation  in  the  air. 

The  fracture  of  this  variety  is  conchoidal  and  unequal.  Fra&urecon- 

Its  furface  is  dull ;  fometimes,  but  very  rarely,  fiiining  fpots  ^ll/opake, 
appear.  It  is  conftantly  perfectly  opaque,  and  moderately  moderately 
heavy;  its  fpecific  gravity  is  variable.  heavy. 

It  is  a  little  un&aous  to  the  touch  in  the  friable  and  earthy  Slightly untiu- 
fort,  and  but  very  little  fo  in  theftony  variety.  ® ^ aild  adhe“ 

It  lenfibly  adheres  to  the  tongue,  though  not  much;  it  ac¬ 
quires  this  property  in  a  confiderable  degree  when  it  is  mo¬ 
derately  wanned  at  the  fire. 

Plunged  in  water,  the  ftony  variety  does  not  abforb  it  at  all ;  The  foft  fpech. 
the  friable  fort  abforbs  it  greedily,  and  with  an  hiding,  but  Ihe  ^aterandm^ 
mixture  does  not  grow  hot.  like  clay. 

The  friable  fpecies  mixes  with  water  to  a  confiderable  de¬ 
gree,  in  the  fame  manner  as  clay  ;  the  fine  particles  of  this 
earth,  like  thofe  of  clay,  continue  a  long  time  fnfpended  in 
water,  with  this  difference  from  thofe  of  clay,  that  they  do 

rot  unite  together.  Urged  by  the  blow-pipe,  on  a  cianite  Are  not  fufible 

■  r  £li  by  the  blow- 

cryftal,  it  is  intufible.  p(pe> 

Treated  in  a  mafs,  on  the  fire  in  a  crucible,  efpecially  in  a 4 
red  hot  crucible,  it  foon  decrepitates,  and  divides  into  thick 
fcaly  pieces,  which  leap  out  of  the  crucible;  this  does  not 
happen  if  it  is  heated  by  degrees  and  moderately. 

If  it  is  reduced  to  a  fine  powrder,  and  then  traited  on  the  But  apparently 

fire,  as  foon  as  the  bottom  of  the  crucible  begins  to  grow  red  fo  m  a  cruclbie« 

hot,  this  earth  boils  for  a  fliort  time,  and  feems  to  unite  toge¬ 
ther.  as  if.  moderately  moiftened. 

An 
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With  lofs  of  one 
fcvcHth, 


Giving  out  car- 
kufli.c  acid. 


An  hundred  parts  of  this  earth  treated  in  this  manner,  untit 
the  boiling  ceafes,  after  an  hour  of  incondefcence,  became  re. 
duced  to  85,  and  0,40.  The  earth  calcined  in  this  manner 
throws  out  that  blueith  light  which  has  been  obferved  from 
common  magnefia. 

It  the  calcination  is  made  in  a  retort  of  earthen  ware,  to 
which  a  fyphon  is  adapted,  and  plunged  into  a  bottle  filled 
with  lime  water,  there  is  formed  in  the  bottle  carbonate  of 


lime;  fo  that  the  diminution  of  weight  is  partly  due  to  thedif* 
engagement  of  carbonic  acid. 

It  contains  a  A  thoufand  grains  of  this  earth  in  fine  powder  were  boiled 

of  fufphatc 'of ty  111  Pounc*s  °f  diftilled  water.  The  liquor  being  filtered, 
lime.  £ind  then  eflayed  by  various  reagents,  prefented  the  following 

refults. 


With  the  folutions  of  the  acetate,  nitrate,  and  muriate  of 
barytes,  the  mixture  became  troubled  almoft  inflantly,  and 
formed  a  fediment  of  lulphate  of  barytes,  but  in  a  very  fmall 
quantity. 

The  oxalate  of  ammonia  formed  oxalate  of  lime  with  it, 
but  alfo  in  a  very  fmall  portion. 

Thefe  experiments  repeated  different  times  on  the  earth 
both  of  the  ftony  and  friable  varieties,  eonftantly  gave  the 
fame  refults. 

Lime  and  fulphuric  acid,  or  fulphate  of  lime,  is  therefore, 
although  in  a  fmall  degree,  a  conftituent  part  of  the  earth  of 
Baudifiero  both  in  the  ftony  and  foft  ftafe. 

A  minute  por-  The  nitrate  of  filver  formed  a  precipitate  equally  with  both 

tion  of  muriatic  forts ;  but  remarkable  differences  were  obferved  between  its 

acid  teems  to  be  _  _  .  t1  r  .  _  _ 

prefent  in  the  effects  in  the  water  from  the  ftony  (pecies,  and  on  that  from 

'ftony  variety,  the  foft  variety  ;  with  the  latter  it  formed  a  precipitate.  Which 
collected  in  a  powder  at  the  bottopi  of  the  glafs;  but  with 
the  water  from  the  ftony  kind,  betides  the  precipitate,  fila¬ 
ments  were  produced  conftantly,  which  indicated  the  prefence 
of  muriatic  acid.  Many  times  the  "  fulphuric  acid*”  was 
ftrft  removed  by  the  acetate  of  barytes,  and  after  filtration,  on 
being  treated  with  the  nitrate  of  filver,  ftill  formed  a  precipW 
tate  of  muriate  of  filver. 


*  It  is  not  clear  what  the  removal  of  the  fulphuric  acid  mentioned 
here  had  to  do  with  making  the  appearance  of  the  muriate  of  filver 
feem  extraordinary;  perhaps  it  is  an  error  in  the  original ;  the  fraolt 

htion  is  literal  and  correct.  B. 
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The  infufion  of  the  ftony  fort  afforded  differences  from  the 
other,  with  ammonia  alfo;  this  reagent  did  not  ever  trouble 
the  infufion  of  the  friable  fpecies,  but  always  troubled,  though 
lightly,  the  infufion  of  the  dony  variety. 

It  follows  from  thefe  obfervations  that,  befides  the  fulphate 
of  lime  which  both  kinds  of  the  earth  of  BaudifTero  contained, 
the  dony  variety  held  in  union  muriatic  acid,  perhaps  in  com¬ 
bination,  partly  with  the  lime,  which  there  was  not  fufficient 
fulphuric  acid  to  faturate,  and  partly  united  to  another  earth, 
which  was  riot  lime,  fince  its  folution  permitted  itfeb  to  be 
decomposed  by  ammonia;  and  it  will  appear  that  this  earth 
was  magnefia. 

The  fulphuric,  nitric,  and  muriatic  acids  attack  this  earth,  The  ancient  mi- 

*  nera}  &Cl(3s  3t— 

when  it  is  well  divided  into  an  extremely  fine  powder.  tack  this  nativq 

Their  action  however  is  but  little  apparent,  but  on  the  lead  earth, 
addition  of  heat  it  becomes  drongly  marked.  Very  fmall  bub¬ 
bles  of  gas,  which  rife  from  the  bottom  of  the  liquor,  a  flight 
white  fcum  which  forms  itfelf  at  the  furface,  and  a  fmall  hiff- 
ing,  (hews  plainly  that  there  is  a  difengagement  of  an  aeri¬ 
form  fluid  or  effervefcence. 

When  the  earth  has  been  previoufly  calcined  in  the  fire.  With  great  force 
their  action  is  very  different.  There  is  not,  as  may  be  fore- 
teen,  any  effervefcence;  but  the  mixture  grows  hot,  to  that 
degree  that  a  true  ebullition  enfues;  in  fome  minutes  the  mix¬ 
ture  affumes  a  folid  form,  caufed  by  a  kind  of  jelly  produced 
by  it. 

The  acid  which  has  the  greateft  action  on  it  is  the  muriatic  The  muriatic 
acid,  and  after  this  the  nitric,  and  the  fulphuric  acid  after  both,  m0re 

This  lafi  however  does  not  dilfolve  without  much  difficulty  the’ 
whole  of  the  folubfe  part,  and  that  after  a  long  continued 
ebullition. 

The  folution  made  in  the  clofed  veffels  difpofed  fo  as  that  the 
gas  may  be  received,  forms  with  lime-water  carbonate  of  lime, 
which  confirms  the  difengagement  of  a  little  carbonic  acid  be¬ 
fore  indicated  by  the  calcination  of  this  earth  in  the  fire. 

The  folutions  of  this  earth  in  the  acids  are  perfe&ly  colour-4 
Iefs. 

The  pruffiate  of  lime  or  the  oxalate  of  ammonia  do  not  at 
all  trouble  them. 

Ammonia  forms  with  them  an  abundant  ^precipitate.  Ammonia  pre- 

'  1  _  The  ch,ltates  fo- 

lution  as  does 

%  ,  likewife  the  car¬ 

bonate  ofpoUfh. 
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But  not  if  fa- 
turated  with  c. 
acid. 

The  earth  is 
pure  magnefia. 


As  is  Ihewn  by 
the  fulphate. 


Inlbluble  reudue 
or  filex  about 
one  6  th, 


Component 
parts  recapitu¬ 
lated. 


The  common  unfaturated  carbonate  of  potatli  forms  alfo  3 
precipitate  with  them. 

When  this  carbonate  ceafes  to  trouble  the  liquor,  and  that, 
after  being  left  to  fettle  and  being  filtered,  the  clear  liquor  is 
fubmitted  to  ebullition,  it  becomes  troubled  again  and  throws 
down  a  fecond  time  an  earthy  precipitate, 

finally,  if  inftead  of  the  unfaturated  carbonate,  the  car¬ 
bonate  ot  potafh,  well  faturaled  with  acid  is  ufed,  there  is  not 
the  leatl  precipitate  formed. 

Experiments,  which  I  will  relate,  (hew  not  only  that  the 
earth  ditfolved  by  the  acids  is  magnefia,  but  that  there  is  not 
mixed  with  it  the  lead  particle  of  lime,  which  can  be  difeovered 
by  the  oxalate  of  ammonia,  that  there  is  no  trace  of  alumen 
in  it,  which  the  faturated  carbonate  of  potatli  precipitates, 
and  does  not  again  diffolve ;  that  it  does  not  contain  the  lead 
oxide  of  iron,  that  can  be  indicated  by  the  pruffiate  of  lime ; 
and  finally,  that  it  is  magneda  perfectly  pure. 

Thisrefult  is  farther  confirmed  by  the  fulphate  of  magnefia, 
which  the  cry tlajliza lion  of  the  dilution  of  this  earth  in  ful- 
phuric  acid  yields  exclufively. 

The  acids  in  did'olving  this  earth  leaves  a  refidue,  the  quan¬ 
tity  of  which  teems  to  be  variable*  that,  which  the  fulphuric 
acid  leaves  is  conftantly  more  than  what  is  left  by  the  muriatic 
or  nitric  acids.  An  hundred  and  twenty  grains  of  this  earth, 
after  being  well  lixiviated  in  pure  water,  left  a  refidue  of 
which  the  weight,  in  the  different  experiments  which  I  made, 
did  not  ever  exceed  17  grains,  and  never  was  lefs  than  14* 
The  fiony  variety  was  (hat  which  in  general  gave  the  raofl 
of  this  infoluble  refidue.  Many  experiments,  which  I  have 
made,  and  which  it  would  be  ufelefs  to  repeat  here,  have  con¬ 
vinced  me  that  this  refidue  is  perfedtly  pure  lilex. 

T  he  earth  of  Baudiffero,  from  the  preceding  experiments, 
confifts  entirely  of  magnefia  with  a  little  carbonic  acid,  a  fmall 
quantity  of  filex,  and  a  very  minute  portion  of  fulphate  of 
lime,  with,  in  the  ftony  variety,  fome  traces  of  muriate  of 
magnefia. 


(To  .be  concluded  in  the  Supplement .) 


Experiment 


Magnitude  of  smal!  celestial  bodies,* 
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XVIII. 

Experiments  for  afcertaining  how  far  Telej  copes  will  enable  US 
to  determine  very  J'niall  Angles,  and  to  dijlingnijh  the  real  from 
the  Jpurious  Diameters  of  celejlial  and  terrejlrial  Objects  :  with 
an  Application  of  the  Rcfult  of  the  ft  Experiments  to  a  Series  of 
Obfervations  onthe  Naturednd  Magnitude  of  Mr,  H  a  r  d  i  n  g  ’s 
lately  difcovered  Star.  By  William  Herschel,  L •  L  D . 

F.  It,  S.  Abridged  from  the  Phil.  TranJ\  1S05. 

Th  E  dilcovery  of  Mr.  Harding  having  added  a  moving  Enquiry  as  to 
celeftial  body  to  the  lift  of  thole  that  were  known  before.  Dr.  ^gieTnder 
Herfchel  was  deiirous  of  afcertaining  its  magnitude:  and  as  which  the  eye 
in  the  obfervations  which  it  was  necefiary  to  make  he  intended  ^  a  te,e^C0Pe 

.  .  a  r  r  J  ,  can  determine 

chiefly  to  ule  a  ten-teet  reflector,  it  appeared  to  be  a  deftdera-  the  figure  of  an 

turn  highly  worthy  ot  inveftigation  to  determine  how  fmali  a 

diameter  of  an  object  might  be  feen  by  this  inflrument.  It  is 

known  that  a  very  thin  line  may  be  perceived,  and  that  objects 

may  be  feen  when  they  iubtend  a  very  fmail  angle;  but  the 

cafe  he  wanted  to  determine  related  to  a  vifible  difk ;  a  round, 

well  defined  appearance,  which  might  without  hefitation  be 

affirmed  to  be  circular,  if  not  fpherical. 

In  April  of  the  year  1774,  the  Do6tor  determined  a  fimilar  The  author’s 
queftion  relating  to  the  natural  eye :  and  found  that  a  fquare  unaffifted  eye 
area  could  not  be  diftinguifhed  from  an  equal  circular  one  till  guith  a  fmaller 
the  diameter  of  the  latter  came  to  fubtend  an  angle  of  2'  17v.  c‘/cle^an 
He  did  not  think  it  right  to  apply  the  fame  conclufions  to-  a  equaTfquare.aU 
telefcopic  view  of  an  object,  and  therefore  had  recourfe  to  the 
a  feries  experiments. 

The  firft  courfe  of  experiment,  was  made  with  the  heads  ofExperiments 
pins  deprived  of  their  polifh  by  tarnifhing  them  in  the  flame  of 
a  candle.  The  diameters  of  the  heads  were  meafured  by  a  je£h  were  pin’s 
microfcopic  proje£iion,  with  a  magnifying  power  of  80.  Thefe  ^eads> 
meafures  were  lo  exa6t,  than  when  repeated  they  feldom  dif¬ 
fered  more  than  a  fewr  ten  thoufandths  part  of  an  inch  from 
each  other.  The  focal  length  of  the  mirror  on  Arcturus  is 
119,64  inches,  but  on  thefe  objects  125,9,  and  the  diflance 
was  meafured  wTith  deal  rods. 

And  the  refult  of  this  experiment  was  that  an  objedl  having 
a  diameter  ,0425  could  be  eaflly  feen  in  the  author's  ten-foot 
telefcope  to  be  a  round  body,  when  the  magnified  angle  under 

which 


285  .  x  AGNITUDE  OF  SMALL  CELESTIAL  BODIES. 

which  it  appeared  was  2'  18", 9,  and  that  with  a  high  povvef 
(522)  a  part  of  it,  fubtendjngan  angle  of  Qf\ 364  may  be  con¬ 
veniently  perceived. 

When  the  pUrpofe  of  this  experiment,  was  confidered,  the 
refult  was  not  found  fuflicient  to  anfwer  the  intention  ;  for  as 
the  lize  of  the  objedt  required  the  ufe  of  a  low  power,  a  doubt 
arofe  whether  the  infirument  would  be  equally  diftindt  when 
a  higher  fhould  be  required.  To  refolve  this  queftion,  it  was 
neceflary  either  to  remove  my  obje&s  to  a  greater  difiance, 
or  to  make  them  fmaller. 

“With  globules  2.  Small  globules  of  fealing-wax  were  therefore  made  by 
oi  fealmb  wax.  <Jjppjng  the  point  of  a  fine  needle,  a  little  heated,  into  it, 
which  took  up  a  fmall  globule.  To  prevent  feeing  them  at  a 
difiance  in  a  different  afpedt  from  that  in  which  they  were 
meafured  under  the  microfcope,  the  needles  were  fixed  with 
fealing-wax  on  fmall  flips  of  cards  before  the  meafures  were 
taken. 

By  this  experiment  it  was  found,  that  with  a  globule  fo  fmaTI 
as  ,0076.3  of  a  fubfiance  not  refledling  much  light,  the  mag¬ 
nified  angle  muff  be  between  4  and  5  minutes  before  we  can 
fee  it  round.  But  it  alfo  (hewed  that  a  telefcope  with  a  fuffT- 
eient  power  (522)  will  fliovv  the  difk  of  a  faint  objedl  when 
the  angle  it  fubtends  as  the  neked  eye  is  no  more  than  0 ",653. 
Globules  of  fil-  The  third  experiment  wras  made  with  globules  of  filver.  As  the 
obje&s  made  of  fealing-wax,  on  account  of  their  colour,  did 
not  appear  to  be  fairly  feledted  for  thefe  invefiigations,  a  fet 
of  filver  ones  were  made.  They  were  formed  by  running 
end  of  filver  wires,  the  305th  and  340th  part  of  an  inch  dia¬ 
meter,  into  the  flame  of  a  candle. 

By  this  experiment  it  was  found  that  the  telefcope  adfed  very 
well  with  a  high  power  (522),  and  will  (how  an  objedt  fub- 
tending  only  0",484  fp  large  that  it  may  be  divided  into  quar¬ 
ters  of  its  diameter. 

Experiments  The  fourth  experiment  was  made  with  globules  of  pitch, 

with  other  glo-  bee’s- wax,  and  brirnfione,  and  did  not  prove  fo  generally  ad- 
DuicS}  2nd  wjtn  .  ,  .  #  f 

filver  at  greater  vantageous  as  thole  with  filver  which  reflected  more  light. 

diftances,  kc.  And  a  fifth  and  fixth  experiment  was  made  with  the  filver 

globules  at  greater  difiances;  and  by  illuminations  at  night 

by  the  flame  of  a  lamp  of  which  for  brevity  the  particulars  are 

here  omitted* 


The 
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The  author  then  proceeded  to  make  dired  obfervations  on 
the  fpurious  diameters  of  celeflial  bodies,  from  which  he  de* 
duces  the  following:  refults  i* 

O 

( 1 .)  As  the  diameters  of  fixed  fiars  are  undoubtedly  fpurious,  Spurious  diame- 
it  follows  that,  with  the  fiars,  the  fpurious  diameters  are  larger 
than  the  real  ones,  which  are  too  fmall  to  be  leen.  real. 

(2.)  From  many  efiimations  of  the  fpurious  diameters  of  the  Size*  are  the 
fiars  f  it  follows,  not  only  that  they  are  of  different  fizes,  but  cumftances  .ar~ 
alfo  that  under  the  fame  circumflances,  their  dimenfions  are 
of  a  permanent  nature. 

(3.)  By  this  and  many  other  obfervations  it  appears,  that  and  colours, 
the  fpurious  diameters  of  the  fiars  are  differently  coloured, 
and  that  thefe  colours  are  permanent  when  circumftances  are 
the  fame. 


(4.)  By  many  obfervations,  a  number  of  in  fiances  of  which 
may  be  feen  in  Dr.  Herfchel's  catalogues  of  double  fiars,  their 
fpurious  diameters  are  leffened  by  increafing  the  magnifying 
pow'er,  and  increafe  when  the  power  is  lowered. 

(5.)  It  is  alfo  proved  by  the  fame  obfervations,  that  the 
increafe  and  decreafe  of  the  fpurious  diameters,  is  not  inverfely 
as  the  increafe  and  decreafe  of  the  magnifying  power,  but  in 
a  much  lefs  ratio. 

(6.)  The  magnifying  power  ads  unequally  on  fpurious  di¬ 
ameters  of  different  magnitudes;  lefs  on  the  large  diameters, 
and  more  on  the  fmall  ones. 

•  (7.)  When  the  aperture  of  the  telefcope  is  lefler.ed,  it  will 

©ccafion  an  increafe  of  the  fpurious  diameters,  and  when  in- 
creafed  will  reduce  them. 

(8.)  It  alfo  (hows  that  the  increafe  and  decreafe  of  the 
unequal  fpurious  diameters,  by  an  alteration  of  the  aperture 
of  the  telefcope,  is  not  proportional  to  the  diameters  of  the 
liars  : 

(9.)  But  that  this  alteration  ads  more  upon  fmall  fpurious 
diameters,  and  lefs  upon  large  ones. 

(10.)  From  this  we  find  that  fiars,  when  they  are  ex¬ 
tremely  fmall,  lofe  their  fpurious  diameters,  and  becoiUe  ne¬ 
bulous. 


They  are  lets 
with  high 
powers  ; 


but  not  propor¬ 
tionally. 


Small  ftars  are 
moft:  enlarged. 


Lefs  aperture 
caufes  gieatc-j 
fp.  diameter: 
and  fmall  ft£i 
are  moft  aftetf 
by  this  chang 


Very  fmall  fiars 
appear  nebulou;. 


*  On  this  fubjed  fee  our  Journal,  Vol.  VI.  p.  15,  and  Fig.  1, 
Plate  IV. 

f  See  Catalogue  of  double  Stars.  Phil.  Tranf.  for  1782,  p.  115; 
UJ)d  for  1785,  p.  40. 

(II.)  Many 
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(11.)  Many  other  caufes  will  have  an  influence  on  the  ap« 


Other  caufes 

afte<5t  the^ fpuri-  parent  diameter  of  the  fpurious  dilks  of  the  ftars,  fuch  as  the 
goodnefs  of  the  fpecula  and  lenfcs ;  but  they  are  fo  far  within 
the  reach  of  our  knowledge,  that  with  a  proper  regard  to 
them,  the  conclufion  he  has  drawn  in  Rem.  (‘2.)  **  that  un¬ 
der  the  fame  circumftances  their  dimenfions  are  permanent,” 
will  (fill  remain  good. 

Similar  experiments  were  made  on  the  fpurious  diameters 
of  terreftrial  objects,  namely  filver  globules,  which  afforded 
the  following  relults : 

Spurious  dilks  (1.)  The  terreflrial  fpurious  dilks  of  globules  are  lefs  than 
cl  globules  are  die  reaj  difks;  whereas  we  have  feen,  in  Remark  (1.)  of 
thC  the  celeflial  fpurious  ditks,  that  thefe  are  larger  than  the  real 
ones.* 

Larger  magni-  (2.)  The  lefs  globule  has  the  largeft  fpurious  difk.  This 
tudes  give  larger  agrees  with  the  fpurious  dilks  of  celellial  objects :  the  ftars  ol 
fp.  ditks  i  the  firft,  fecond,  and  third  magnitude,  having  a  larger  fpurious 
dilk  than  thofe  that  are  of  inferior  magnitudes. 

(3.)  With  refpe£t  to  colours,  the  terreflrial  alfo  agree  with 
the  celeftial  fpurious  dilks. 

(  k)  The  fpurious  diameters  of  the  globules,  like  the  fpu¬ 
rious  dilks  of  the  liars,  are  proportionally  IelTened  by  in- 
crealing  the  magnifying  power,  and  increaled  when  the  power 
is  lowered. 

(5.)  When  the  eftimations  are  compared  with  the  powers, 
it  will  alfo  be  feen  that  the  increafe  and  decreafe  of  the  fpu¬ 
rious  dilks  of  the  globules  is  not  inverfely  as  the  powers,  but 
in  a  much  lefs  ratio. 

(6.)  The  effedt  of  magnifying  power  is  unequally  exerted 
on  fpurious  diameters ;  ami  that,  as  with  celeftial  obje&s,  ft) 
with  terreflrial,  this  power  a£ts  more  on  the  lmall  fpurious 
dilks  than  on  the  large  ones. 

(7.)  The  fpurious  terreflrial  dilks  alfo  refemble  thofe  of  the 
ftars,  by  increaftng  when  the  aperture  is  IelTened,  and  de- 
creafing  when  it  is  enlarged. 

(8.)  By  thefe  experiments  it  is  proved,  that  the  increafe 
and  decreafe  of  the  diameters  occalioned  by  different  aper¬ 
tures  is  not  proportional  to  the  diameters  of  the  fpurious  dilks. 

* 

*  It  appears  from  the  context,  that  this  arifes  from  the  terref¬ 
trial  fpurious  dilks  being  formed  by  the  fmall  fpot  of  reflected  light 
from  the  metallic  globule,  and  not  from  its  whole  diameter. 

$  (9.HBu 
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*(9.)  But  that  the  change  of  the  apertures  a&s  more  on  the 
fmall,  and  lefs  on  the  large  ones. 

(10.)  The  fpurious  difks  of  globules  are  loft  for  want  of  Thefe  diflcs  are 
proper  illumination,  but  do  not  change  their  magnitude  on  dhninution^of^ 
that  account.  The  brightnefs  of  the  atmofpliere  in  a  fine  day  light, 
is  fufficient  to  produce  them  ;  though  the  illumination  of  the 
fun  is  generally  the  principal  caufe  of  them. 

(11.)  The  diameters  of  fpurious  difks  are  liable  to  change 
from  various  caufes;  an  alteration  in  the  dire&ion  of  the  illu¬ 
mination  will  make  the  reflection  come  from  a  different  part  of 
the  globule,  which  can  hardly  be  expected  to  be  equally  po¬ 
liced  in  its  furface,  or  of  equal  convexity  every  where,  being 
very  feldorn  perfectly  fpherical ;  but  as  upon  the  whole  the 
figure  of  them  is  pretty  regular,  the  apparent  diameter  of  the 
fpurious  ditks  will  generally  return  to  its  former  fize. 

Globules  of  mercury  were  ufedinfiead  of  thofe  of  filver,  and  Mercurial  glo- 
ivith  the  fame  refults.  bules. 

The  fpurious  terreftria!  difks  were  then  meafured  by  com-  Mcafurement  of 
paring  them  with  circles  on  a  tablet :  and  it  was  found  that  a  ^hey  may^be 
variation  in  their  illumination  did  not  affeCt  their  magnitude,  diftinguithed 
It  was  alfo  found  that  the  rays  from  the  central  part  of  the^™^1^^ 
mirror  gave  a  larger  image  than  thofe  from  its  circumference,  central,  and 
So  that  when  a  central  aperture  of  three  inches  gave  an  image  then  an  annutet 
correfponding  with  a  circle  of  0.465  inch,  an  annular  opening  ^ftenL-ges  and 
from  6.5  to  8.8  inches  gave  only  0.18  inch  for  the  image :  and  thefecond  di- 
the  experiments  were  fufficiently  varied  as  to  the  magnitudes  the™ 

and  fituations  of  the  apertures  to  fliew  that  this  difference  did 
not  arife  from  more  or  lefs  light. 

This  property  of  the  mirror  ferves  admirably  to  difiinguifh  a  Trials, 
fpurious  difk  from  a  real  one  ;  and  proved  to  be  to  on  trial  with 
terreftrial  and  celeliial  objects. 


Obfervatiom  on  the  Nature  and  Magnitude  of  Mr ,  Harding’s 

lately  difeovered  Star . 

On  the  day  Dr.  Herfchel  received  an  account  of  Mr.  Obfervations  on 
Harding’s  new  ftar,  which  was  the  24lh  of  September,  he  the  p.anet  Juno, 
direded  his  telefcope  to  the  calculated  place  of  the  new  objeft, 
and  noted  all  the  fmall  fiars  w  ithin  a  limited  compals  about 
it.  They  were  then  examined  with  a  diftin6t  high  mag¬ 
nifying  power;  and  fince  no  difference  in  their  appearance 
Vol.  XII, — December,  1805.  U  was 
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Obfervations  on  was  perceivable,  it  became  neceflary  to  attend  to  the  change* 
-h» planet  Juno.  nijght  happen  in  the  (ituation  of  any  one  of  them.  They 
were  delineated  as  in  Fig.  1,  (Plate  XIV.)  which  is  a  mere  eye- 
draught,  to  ferve  as  an  elucidation  to  a  defcription  given  with 
it  in  the  journal ;  and  the  flar  marked  kt  was  the  new 
objeft. 

Sept,  29.  Being  the  firfl  clear  night,  he  began  a  regular  feries 
of  obfervations:  and  as  the  power  of  determining  fmall  angles, 
and  diflinfitnels  in  (bowing  minute  difks,  whether  fpurious  or 
real,  of  the  inflrument  he  ufed  on  this  occafion,  had  been  fuffi- 
ciently  invefligated  by  the  foregoing  experiments,  there  could 
be  no  difficulty  in  the  obfervation,  with  refources  that  were 
then  fo  well  under  flood,  and  have  now  been  fo  fully  afcer- 
tained. 

“  Mr.  Harding’s  new'  celeflial  body  precedes  the  very 
fmall  flar  in  Fig.  3,  between  29  and  33  Pifcium,  and  is  a 
little  larger  than  that  flar ;  it  is  marked  A.  f  g  h  are  taken 
from  fig.  1»  I  fuppofe  g  to  be  of  about  the  9th  magnitude, 
fo  that  the  new  flar  may  be  called  a  fmall  one  of  the  8th.” 

With  his  ten-feet  refleftor,  power  4-96.3,  he  viewed  it  atten¬ 
tively,  and  comparing  it  with  g  and  h,  Fig.  3,  could  find  no 
difference  in  the  appearance  but  what  might  be  owing  to  its 
being  a  larger  flar. 

By  way  of  putting  this  to  a  trial,  he  changed  the  power  to 
879,4-,  but  could  not  find  that  it  magnified  the  new  one  more 
than  it  did  the  fiars  g  and  A. 

I  cannot  perceive  any  difk  ;  its  apparent  magnitude  with 
this  power  is  greater  than  that  of  the  flar  g,  and  alfo  a  very 
little  greater  than  that  of  h;  but  in  the  finder,  and  the  night- 
glafs  g  is  confiderably  fmaller  than  the  new  flar,  and  h  is  alio 
a  very  little  fmaller.” 

He  compared  it  now  with  a  flar  which  in  the  finder  appeared 
to  be  a  very  little  larger;  and  in  the  telefcope  with  879,4  the 
apparent  magnitude  of  this  flar  was  alfo  larger  than  that  of 
the  new  one. 

“  As  far  as  I  can  judge  without  feeing  the  afleroids  of  Mr. 

I  iazzi  and  Dr.  Olbers  at  the  fame  time  with  Mr.  Harding**, 
the  laft  mult  be  at  leaf!  as  lmall  as  the  fmallefl  of  the  former, 
which  is  that  of  Dr.  Olbers.” 

‘‘  I  ^ar  k>  hig.  1,  oblerved  Sept.  24,  is  wanting,  and  was 
therefore  the  object  1  was  in  fearch  of,  which  by  computation 
rnuft  have  been  that  day  in  the  place  where  I  faw  it.”  - 
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• 

The  hew  ftar  being  now  in  the  meridian  with  all  thofe  Obfervations  on 
to  which  I  am  comparing  it,  and  the  air  at  this  altitude  the  P,anct  Jun0* 
being  very  clear,  I  hill  find  appearances  as  before  defcribed  : 
the  new  obje<5t  cannot  be  diftinguifhed  from  the  ftars  by 
magnifying  power,  fo  that  this  celeftial  body  is  a  true  af¬ 
teroid.” 

Mr.  Bode’s  (tars  19,  2 5  and  27  Geti  are  marked  7m,  and  by 
comparing  the  afteroid,  called  Juno,  withthefe  ftars,  it  has  the 
appearance  of  a  fmall  one  of  the  8th  magnitude. 

With  regard  to  the  diameter  of  Juno,  the  author  remarks 
that  had  it  been  half  a  fecond,  he  muft  have  inftantly  per¬ 
ceived  a  vifible  difk.  Such  a  diameter,  when  he  faw  it  magni¬ 
fied  879,4  times,  would  have  appeared  under  an  angle  of 
7'  19/;,7>  one  half  of  which,  it  will  be  allowed,  from  the  ex¬ 
periments  that  have  been  detailed,  could  not  have  efcaped  his  J 

notice. 

061.  1.  Between  flying  clouds,  the  afteroid  was  feen,  which 
in  its  true  ftarry  form  has  left  the  place  where  it  was  feen  Sept. 

29.  It  has  taken  the  path  in  which  by  calculation  it  was  ex¬ 
pected  to  move.  This  afcertains  that  no  miftake  in  the  ftar  was 
made  when  laft  obferved. 

061  2,  7*.  Mr.  Harding’s  afteroid  is  again  removed,  but 
is  too  low  for  high  powers. 

S*  30'.  View'ed  it  now  with  220,3  288,4  41.0,5  496,3  and 
879,4.  No  either  ditk  was  vifible  than  thatfpurious  one  which 
fuch  fmall  ftars  have,  and  which  is  not  proportionally  mag¬ 
nified  by  power. 

With  288,4,  the  afteroid  had  a  larger  fpurious  difk  than 
a  ftar  which  was  a  little  lefs  bright,  and  a  (mailer  fpurious 
difk  than  another  ftar  that  was  a  little  more  bright. 

Oct  5,  with  410,5.  The  fituation  of  the  afteroid  is  now  as 
in  Fig.  4.  Its  difk,  which  is  probably  the  fpurious  appearance 
of  ftars  of  that  magnitude,  was  compared  with  a  larger,  an 
equal,  and  a  fmaller  ftar.  It  was  lefs  than  the  lpurious  difk 
of  the  larger,  equal  to  that  of  the  equal,  and  larger  than  that 
of  the  fmaller  ftar.  The  gradual  difference  between  the  three 
ftars  is  exceedingly  fmall. 

“  With  496,3,  and  the  air  uncommonly  pure  and  calm,  I  fee 
fo  well  that  I  am  certain  the  difk,  if  it  be  not  a  fpurious  one, 
is  lefs  than  one  of  the  fmalleft  globules  I  faw  this  morning  in 
the  tree.” 

U  2 


The 


PLANET  JUNO* 


I 


292 


Obfervatfons  on  The  diameter  of  this  globule  was  ,02.  It  fubtended  an  angle? 
p  '  of  0",429,  and  was  of  fealing-wax ;  had  it  been  a  filver  one, 

it  would  have  been  ftill  more  vifible. 

With  879,4.  All  comparative  magnitudes  of  the  afteroid 
and  ftars,  remain  as  with  496,3. 

The  minute  double  liar  q  Ophiuchi  *  was  feen  in  high  per- 
fefiion,  which  proves  that  the  air  is  clear,  and  the  telefcope 
in  good  order. 

The  afteroid  being  now  in  the  meridian,  and  the  air  very 
pure,  the  comparative  diameter  feems  a  little  larger  than  that 
of  an  equal  liar,  and  its  light  alfo  differs  from  liar-light.  Its 
apparent  magnitude,  however,  can  hardly  be  equal  to  that  of 
the  fmallefl  globule  obferved  this  morning.  This  globule  mea- 
fured  ,01358,  and  at  the  difiance  of  9620,4  inches  fubtended 
an  angle  of  0",21 4. 

When  the  afieroid  was  viewred  with  879,4,  more  hazinefs 
was  found  than  an  equal  ftar  would  have  given  :  but  this  the 
Doctor  afcribes  to  want  of  light.  What  he  calls  an  equal  ftar, 
is  one  that  in  an  achromatic  finder  appears  of  equal  light. 

061.  7.  Mr.  Harding's  afteroid  has  continued  its  retrograde 
motion.  The  weather  is  not  clear  enough  to  allow  the  ufe  of 
high  powers, 

061.  8.  If  the  appearance  refembling  the  fpurious  difks  of 
fmall  ftars,  which  I  fee  with  410,5  in  Mr.  Harding's  afteroid, 
fhould  be  a  real  diameter,  its  quantity  then  by  eftimation  may 
amount  to  about  0",3.  This  judgment  is  founded  on  the  fa¬ 
cility  with  which  I  can  fee  two  globules  often  viewed  for  this 
purpofe. 

The  angle  of  the  firft  is  0",429,  and  of  the  other  O'',  2 1 4 ; 
and  the  afteroid  might  be  larger  than  the  latter,  but  certainly 
was  not  equal  to  the  former. 

With  496,3,  there  is  an  ill-defined  hazy  appearance,  but 
nothing  that  may  be  called  a  dilk  vifible.  When  there  is  a 
glimpfe  of  more  condenfed  light  to  be  feen  in  the  centre,  it  is 
fo  fmall  that  it  muft  be  lefs  than  two-tenths  of  a  fecond. 

To  decide  whether  this  apparent  condenfed  light  was  a  real 
or  fpurious  dilk,  he  applied  different  limitations  to  the  aperture 
of  the  telefcope,  but  found  that  the  light  of  the  new  ftar  was 
too  feeble  to  permit  the  ufe  of  them.  From  this  he  concluded 


*  See  Cat.  of  double  Stars,  I,  87. 
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that  an  increafe  of  light  might  now  be  of  great  ufe,  and  Obfervations  on 
viewed  the  afteroid  with  a  fine  10-feet  mirror  of  24  inches  planet  J a 
diameter,  but  found  that  nothing  was  gained  by  the  change. 

The  temperature  indeed  of  thefe  large  mirrors  is  very  feldom 
the  fame  as  that  of  the  air  in  which  they  are  to  aCi,  and  till  a 
perfect  uniformity  takes  place  no  high  powers  can  be  ufed. 

The  afteroid  in  the  meridian,  and  the  night  beautiful.  After 
many  repeated  comparifons  of  equal  ftars  with  the  afteroid,  I 
think  it  (hows  more  of  a  di(k  than  they  do,  but  it  is  fo  fmall 
that  it  cannot  amount  to  fo  much  ,as  3-tenths  of  a  fecond,  or 
at  lead  to  no  more. 

ft  is  accompanied  with  rather  more  nebulofity  than  ftars  of 
the  fame  (ize. 

The  night  is  fo  clear,  that  I  cannot  fuppofe  vifion  at  this 
altitude  to  be  lefs  perfect  on  the  ftars,  than  it  is  on  day  ob¬ 
jects  at  the  diftance  of  800  feet  in  a  direction  almoft  hori¬ 
zontal. 

Oct.  11.  By  comparing  the  afteroid  alternately  and  often 
with  equal  ftars,  its  difk,  if  it  be  a  real  one,  cannot  exceed  2, 
or  at  mod  3-tenths  of  a  fecond.  This  eftimation  is  founded 
on  the  comparative  readinefs  with  which  every  fine  day  I  have 
feen  globules  fubtending  fuch  angles  in  the  fame  telefcope, 
and  with  the  fame  magnifying  power. 

“  The  afteroid  is  in  the  meridian,  and  in  high  perfection. 

I  perceive  a  well  defined  ditk  that  may  amount  to  2  or  3-tenths  — i 

of  a  fecond  ;  but  an  equal  ftar  (hows  exaCily  the  fame  ap¬ 
pearance,  and  has  a  difk  as  well  defined  and  as  large  as  that 
of  the  afteroid. ” 

Refult  and  Application  of  the  Experiments  and  Ohfervations. 

We  may  now  proceed  to  draw  a  few  very  ufeful  conclufions 
from  the  experiments  that  have  been  given,  and  apply  them 
to  the  obfervations  of  the  ftar  dilcovered  by  Mr.  Harding; 
and  alfo  to  the  fimilar  ftars  of  Mr.  Piazzi  and  Dr.  Olbers. 

Thefe  kind  of  corollaries  may  be  exprefled  as  follows. 

(1.)  A  10-feet  refleCtor  will  (hew  the  fpurious  or  real 
ditks  of  celeftial  and  terreftrial  objeds,  when  their  diameter 
is  |  of  a  fecond  of  a  degree ;  and  when  every  circumftance 
is  favourable,  fuch  a  diameter  may  be  perceived  fo  diftinCtly, 

that  it  can  be  divided  by  eftimation  into  two  or  three  parts. 

(2.)  A 
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Obfervations  on  (2.)  A  difk  of  \  of  a  fecond  in  diameter,  whether  fpurious 
the  planet  Juno.  or  reaj^  jn  orfJer  to  feen  as  a  r0und,  well  defined  body, 

0  f  *  ^ 

requires  a  diflin6l  magnifying  power  of  5  or  6  hundred,  and 
mud  be  fufhciently  bright  to  bear  that  power. 

(3.)  A  real  difk  of  half  a  fecond  in  diameter  will  become 
fo  much  larger  by  the  application  of  a  magnifying  power  of 
5  or  6  hundred,  that  it  will  be  eafily  diflinguifhed  from  an 
equal  fpurious  one,  the  latter  not  being  affected  by  power  in 
the  fame  proportion  as  the  former. 

(A)  The  different  effects  of  the  infide  and  outiide  rays 
of  a  mirror,  with  regard  to  the  appearance  of  a  difk,  are  a 
criterion  that  will  fhow  whether  it  is  real  or  fpurious,  pro~ 
vided  its  diameter  is  more  than  |  of  a  fecond. 

(5.)  When  difks,  either  fpurious  or  real,  are  lefs  than  J  of 
a  fecond  in  diameter,  they  cannot  be  diftinguifhed  from  each 
other;  becaufe  the  magnifying  power  will  not  be  fufficient  to 
make  them  appear  round  and  w'ell  defined. 

(6.)  The  fame  kinds  of  experiments  are  applicable  to  tele, 
fcopes  of  different  forts  and  fizes,  but  vyill  give  a  different 
refult  for  the  quantity  which  has  been  ffated  at  ^  of  a  fecond 
of  a  degree.  This  will  be  more  when  the  inffrument  is  lefs 
perfect,  and  lefs  when  it  is  more  fo.  It  will  alfo  differ  even 
with  the  fame  inffrument,  according  to  the  clearnefs  of  the 
air,  the  condition,  and  adjuffment  of  the  mirrors,  and  the 
practical  habits  of  the  obferver. 
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Account  of  fame  new  Improvements  on  Steam-Engines.  By  Mr, 
•  Arthur  Woolf. 

In  our  eighth  volume,  p.  262,  we  gave  a  fhort  account  of 
a  former  improvement  made  by  Mr.  Woolf  on  the  fteam- 
engine,  founded  on  a  difeovery  that  fleam,  of  any  higher 
temperature  than  that  of  boiling  water,  if  allowed  to  pafs 
into  another  veffel  kept  at  the  fame  temperature  as  the  fleam 
itfelf,  will  expand  to  as  many  times  its  volume,  and  dill  be 
equal  to  the  preffure  of  the  common  atmofphere,  as  the  num¬ 
ber  of  pounds  which  fuch  fleam,  before  being  allowed  to  ex¬ 
pand,  could  maintain  on  each  fquarc  inch  of  a  fafety-valve 

expofed 
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expofed  to  the  almofphere  :  for  example,  that  maffes  or  quan-  Mr.  Woolf’s 
tities  of  fteam  of  the  expanfive  force  of  20,  30,  or  50  pounds  ^^.Yng^nea  *** 
the  fquare  inch  of  a  common  fafety-valve,  will  expand  to  20, 

30,  or  50  times  its  volume,  and  hill  be  refpeCtively  equal  to 
the  atmofphere,  or  capable  of  producing  a  fufficient  aCtion 
againh  the  pihon  of  a  heam-engine  to  caufe  the  tame  to  rife 
in  the  old  engine  (witha  counterpoife)  of  Newcomen,  or  to 
be  carried  into  the  vacuous  part  of  the  cylinder  in  the  im¬ 
proved  engines  firh  brought  into  effect  by  Meffrs.  Boulton  and 
Watt. 

In  confequence  of  this  difcovery  Mr.  Woolf  was  enabled 
to  ufe  his  heam  twice  (if  he  chofe),  and  with  complete  ef¬ 
fect;  nothing  more  being  necefiary  than  to  admit  high  heam, 
fuppofe  of  40  pounds  the  fquare  inch,  into  one  cylinder,  to 
work  there  by  its  expanfive  force,  and  then  to  allow  the  fame 
fleam  to  pals  into,  and  expand  itfelf  in,  another  cylinder  of 
forty  times  the  hze  of  the  fir  ft,  there  to  work  by  condenfation 
in  the  common  way.  Or  with  only  one  cylinder,  by  admit¬ 
ting  a  proportionally  fmall  quantity  of  high  heam  into  it  from 
the  boiler,  Mr.  Woolf,  found  that  he  could  effeCt  a  confider- 
able  faving  in  fuel. 

In  this  firh  improvement  of  Mr.  Woolf,  though  the  faving 
might  be  carried  a  confiderable  length,  it  was  hill  neceffarily 
limited  by  the  hrength  of  materials;  for  in  the  employment 
of  high  Ream  there  muft  always  be  fome  danger  of  an  explo- 
fion.  Mr.  Woolf,  however,  by  a  happy  thought,  has  com¬ 
pletely  obviated  every  danger  of  this  kind,  and  can  now  take 
the  full  advantage  of  the  expanfive  principle  without  the  leaf! 
danger  whatever.  This  he  effects  by  throwing  into  common 
fteam  the  additional  temperature  necefiary  for  its  high  expan- 
fion,  after  the  fteam  is  admitted  into  the  working  cylinder,  which 
is  heated  by  means  adequate  to  the  end  intended  to  be  gained  ; 
and  the  advantage  which  he  thus  gains  he  effectually  fecures  by 
a  moh  ingenious  improvement  in  the  pihon.  It  may  be  eafily 
conceived  that  heam  of  fuch  high  rarity  as  Mr.  Woolf  employs, 
could  not  be  made  fully  effective  with  the  pihon  in  common 
ufe;  for  in  proportion  to  its  rarity  fo  muh  be  the  facility  with 
which  a  portion  of  it  would  efcape,  and  pafs  by  the  fide  of  the 
pihon  to  the  vacuous  part  of  the  cylinder;  but  Mr.  WoolPs 
contrivance  feems  perfectly  adapted  to  prevent  the  lofs  of  even 
|he  fmalleft  portion  of  the  fteam, 
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Two  theorems 
from  the  Ho¬ 
rologium  of 
Huygens. 


•—extended  far 
ther  by  M. 
Biot. 


Befides  thefe  improvements  on  the  common  fleam-engine, 
he  lias  alfo  found  means  to  apply  the  fame  principles  to  t he  old 
engine,  known  by  the  name  of  Savary's,  in  fuch  a  way  as  to 
render  the  lame  a  powerful  and  (Economical  engine  for  a  great 
variety  of  purpofes. 

Such  is  the  outline  of  Mr.  Woolf's  improvements  on  this 
ufehil  engine :  but,  for  the  general  information  of  practical 
engineers,  we  fhall  fubjoin  a  more  technical  deferiptron,  in 

Mr.  Woolf's  own  words,  extracted  from  his  fpecification  of 
his  patent. 

* »  *  * 

(To  be  continued.) 
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Geometry . 

IT 

J^UYGENS  has  given  the  two  following  theorems  in  bis 
Horologium  Ofcillatorium,  which  are  applicable  to  all  folid 
bodies:  “  The  center  of  of  dilation,  and  that  of  fifpenfion  are 
a  Li  ays  reciprocal  to  one  another.  The  fame  body  is  (decays  ifo - 
chronal  to  itfelf  while  it  ofcillates  round  parallel  axis' s  taken  at 
equal  dijlances  from  the  center  of  gravity.  M.  Biot  has  given 
a  remarkable  extenlion  to  thefe  two  theorems. 

All  thefe  parallel  axis’s  form  the  furface  of  a  right  angled 
cylinder  of  which  the  axis  paffes  through  the  center  of  gravity. 
But  the  analytical  expreflion  under  which  M.  Biot  prefents 
the  theorem  of  Huygens,  made  him  inflantly  perceive,  that 
an  arbitrary  inclination  might  be  given  to  this  axis,  the 
radius  of  the  cylinder  being  fuitably  changed  at  the  fame 
time;  and  that  thus  according  to  the  different  degrees  of 
inclination  of  the  axis,  an  infinity  of  cylinders  might  be 
obtained.  The  fuperficies  of  which  cylinders  fliould  have  the 
fame  property  as  that  of  the  primitive  cylinder.  Befides  this, 
the  axis  without  changing  its  inclination  may  deferibe  a 
conical  furface  about  its  primitive  pofition,  which  will  multiply 
the  number  of  cylinders  already  found,  as  often  times  as 
right  lines  can  be  conceived  to  be  drawn  on  the  upper  furface 
of  the  cone. 
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Aftronomy. 

M.  Piftet  has  made  an  obfervation  of  an  occupation  of  the  M.  Piftet  on 

pleiadcs  by  the  moon,  on  the  19th  of  November ,  1304-,  ^rom  of  th^p^eiades^y 
the  Obfervatory  of  Geneva.  the  moon. 

An  account  of  an  occupation  of  w  fcorpion,  obferved  on  M.  Mechain  o 
the  1 7  th  of  July,  1803,  from  the  fummit  of  Cafuleta,  a  occultatioa 

mountain  in  the  kingdom  of  Spain,  was  found  among  the 
papers  of  the  late  M.  Mechain,  which  will  appear  in  the 
6th  Volume  of  the  Memoirs  of  the  French  National  Inftitute  : 
this  is  the  laid  obfervation  of  this  kind  made  by  a  man  of 
fcience,  whofe  premature  lofs  the  Inftitute  will  long  regret. 

A  long  fucceftion  of  obfervations  was  alfo  found  among  and  of  the  comet 
his  papers,  relative  to  the  comet  which  he  had  difeovered  ia  *793* 
from  Barcelona  in  1793,  which  will  alfo  appear  in  the  fame 
publication. 


Geography, 

M.  Humboldt  has  read  before  the  Inftitute  Nationale,  A  Thefongltudeof 
Memoir  on  the  Longitude  of  Mexico,  the  capital  of  the  king- Mex*co  deter- 
dom  focalled.  $£££* 

Geographers  difagree  with  regard  to  the  pofition  of  this  boldt. 
important  point.  The  confiderable  difference  which  M. 

Humboldt  found  between  his  fir fi  obfervation,  and  the  lafl 
which  had  been  formerly  made  by  others  before  him,  engaged 
him  to  repeat  it  as  often  as  he  could,  and  by  different  methods. 

The  diftances  of  the  moon  from  the  Pars,  and  feveral  eclipfes 
of  Jupiter's  moons,  always  gave  the  fame  refult,  which  is 
doubtlelsly  preferable  to  all  thofe  which  have  appeared 
hitherto. 


Eleftricity. 

Since  the  difeovery  of  ele&rical  eondu&ors  by  Dr.  Frank-  Condu&or  con- 
lin,  many  philofophers  have  repeated  experiments  to  eftablifh  trlv*d  t0.  Pre* 
the  identify  of  electrical  fire  and  lightning,  by  experiment^  Vent 
with  fuch  infolated  conductors. 

Thefe  experiments  fucceeded  to  the  with  of  all  who  tried 
them  ;  but  it  was  foon  perceived,  that  they  were  attended 
with  much  danger  :  and  fince  the  death  of  Profefibr  Richman, 
of  Peterfburg,  who  was  firuck  by  lightning  from  his  con¬ 
ductor  in  1753,  few  have  ventured  to  repeat  the  experiment. 

M*  Beyer 
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can  be  infolated 
or  not,  at 
plcafure. 


Balloon  project¬ 
ed  by  Mr.  Ro- 
bertfon,  132  feet 
diameter, 
to  carry  up  50 
*pen. 


and  a  vetTel 
with  fails,  &c. 


and  an  internal 
balloon  and 
parachute. 


M.  Beyer  of  Paris  has  formed  in  his  garden  an  apparatus 
of  this  kind,  which  is  very  fimple,  and  at  the  fame  time 
perfectly  eliedual  without  any  danger  :  It  is  a  condu&or 
which  can  alternately  at  pleafure  be  infolated,  or  not  infolated, 
and  made  to  ad  either  with  a  ball,  or  w’ith  a  point.  The 
communications  between  it  and  the  earth  are  well  eftabliflied, 
and  as  the  obfervations  can  be  made  at  more  than  an  hundred 
feet  from  the  apparatus,  there  is  not  the  lead  danger  of  any 
accident. 

Aeroftation . 

The  celebrated  Aeronaut  Robertfon,  who  afcended  from 
Peterfburg  lad  year,  is  endeavouring  to  obtain  the  necelfary 
aflidance  at  that  place  for  the  condru<5tion  of  an  air  balloon 
on  a  very  large  fcale;  he  propofes  that  it  lliall  be  732  feet 
in  diameter,  which  he  calculates  will  carry  up  37  ton,  and 
which  he  fuppofes,  therefore,  will  eafily  fupport  50  people, 
and  all  neceflary  accommodations  for  them. 

It  is  to  have  attached  to  it  a  vedel  furniflied  with  mads, 
fails,  and  every  other  article  recjuifite  for  navigating  the 
fea  in  cafe  of  accidents,  and  provided  with  a  cabin  for  the 
aeronauts,  properly  fitted  up,  galley  for  cooking,|proper  (lores 
for  (lowing  provifions,  and  feveral  other  conveniencies.  To 
render  the  afcent  more  fafe,  it  is  to  take  up  another  fmaller 
balloon  within  it,  and  a  parachute,  which  will  render  the 
defcent  perfectly  gentle,  if  the  outer  balloon  burds. 

From  its  condru&ion  it  will  be  calculated  to  remain  in  the 
air  feveral  weeks,  in  which  time  many  experiments  in  natural 
philofophy,  and  adronomical  obfervations  may  be  made:  It  “ 
is  all'o  fuppofed,  that  geography  may  be  confiderably  improv** 
ed  by  its  means,  as  the  aeronauts  will  be  neither  dopped  in 
their  courfe  by  mountains  or  foreds  ;  and  fome  have  even 
thought,  that  with  the  adidance  of  the  trade  winds,  a  voyage 
round  the  earth  might  be  made  in  it  between  the  tropics.  Its 
cod,  it  is  calculated,  will  be  nearly  equal  to  that  of  a  (hip  of 
the  line. 

Univerfity  of  Chur/cow . 

The  court  of  Peterfburg  publifhed  the  a<5t  of  confirmation 
of  the  Univerfity  of  Charkow,  on  the  16th  of  May,  of  which 
the  following  are  the  chief  particulars. 


Tht 
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The  Univerfity  is  under  the  care  of  the  Minifter  of  public 
inftiudtion  :  It  has,  however,  its  own  particular  adminiftration 
and  j  ur  it  diction ;  the  ordinances,  by  which  its  members  are  regulations, 
governed,  are  regulated  by  itfelf :  It  has  the  right  of  cenfure  PnT*" 

both  with  regard  to  the  books  printed  by  itfelf,  or  thofe 
brought  from  abroad.  All  articles  which  it  may  want  are 
allowed  to  pafs  the  frontiers  without  examination  or  tax.  Its 
correfpondence*  is  poft  free,  and  its  paper  is  not  lubjeft  to 
duty.  The  houfes  of  the  profeffors  are  free  from  taxes  and 
all  charges.  The  profeffors  have  the  rank  of  the  feventh  Frovifion  for 
clafs,  and  the  ftudents  that  of  the  twelfth,  or  that  of  fubaltern  Pro*e^or  , 
officers,  receive  commiffion  as  fuch,  and  wear  iwords.  The 
profeffqrs  after  twenty-five  years  duty,  or  in  cafe  of  incurable 
ficknefs,  receive  their  penfions  for  life,  and  may  even  receive 
them  while  refident  in  other  countries.  On  the  death  of  a 
profeffor,  his  vyidow  and  children  continue  to  receive  his- 
penfion,  until  the  widow  marries  again,  or  the  children 
attain  the  age  of  twenty-one  years.  The  Emperor  has 
granted  a  yearly  revenue  to  the  Univerfity  of  130,000  rubles. 

Botanic  Gurdtny  fyc.  at  Copenhagen. 

A  fum  of  4,500  rix  dollars,  which  the  government  had 
granted  in  1803,  for  the  Botanic  Garden  at  Copenhagen, 
has  been  employed,  partly  in  paying  the  debts  of  the  eftablifh- 
jnent,  and  partly  in  confirming  a  new  hot-houfe.  This  has  5500  plants 
garden,  which  poffvffes  5,500  plants  of  different  kinds,  is  tOT  infpedtion, 
open  one  day  in  each  week  for  the  curious,  and  every  day 
for  botanic  fiudents.  The  directors  in  their  lafi  report,  hav¬ 
ing  made  feme  propofals  for  the  improvement  and  efiablifh- 
ment  of  the  garden,  the  government  has  granted  them  an 
additional  fum  of  4000  rix  dollars,  and  an  annual  fum  ofadJlt*0na!  Srant* 

ma(je 

200  for  repairs;  and  have  befides  fettled,  that  the  appoint¬ 
ments  of  perlons  employed  in  the  garden,  fhall  be  increafed 
to  720  rix  dollars,  to  commence  this  year. 

M.  Giefecke,  a  Pruffian  mineralogifi,  wdio  has  been  a  Propofed  mine- 
confiderable  time  at  Copenhagen,  is  about  to  be  employed 
by  government  on  a  voyage  to  Greenland,  where  he  is  to  land, 
pafs  fome  years  in  examining  that  country,  with  regard  to  its 
mineralogy  and  geology.  Hitherto  the  Moravian  religious 
miffionaries  have  alone  been  able  to  xefolve  to  live  fome 

years 
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years  in  that  country  for  the  converfion  of  the  natives  i  It 
will  be  no  little  honour  to  the  fciences,  if  M.  Giefecke  (hall 
bring  himfelf  to  make  a  like  facrifice  for  their  advancement. 


Charts  printed 
by  moveable 
types. 


The  Royal  Academy  of  the  Fine  Arts,  and  the  Mechanical 
Arts  of  Berlin,  have  received  among  their  members  M.  F. 
H.  Wagener,  who  has  difeovered  a  new  method  of  printing 
geographical  charts  by  a  fpecies  of  moveable  types,  which  is 
found  to  anfwer  belter  than  engraving,  and  will  undoubtedly 
be  much  cheaper. 


Prizes  given  by 
the  French 
war  minuter  for 


a  work  on  fu fa¬ 
cer  rane  an  for¬ 
tification. 


and  one  on  a 
plan  for  a  forti¬ 
fied  barrack. 


* 


Marfbal  Berthier,  war  minifter  of  France,  at  the  requeft 
of  general  Marefcot,  has  again  effabliflied  the  prizes  which 
was  given  for  the  beft  works  on  fortification. 

Two  prizes  have  been  granted  to  the  beft  treatijes  on  fub- 
terraneaus  works .  The  firft  was  adjudged  by  the  committee 
of  fortification  to  Major  Mouze,  the  fecond  to  Captain 
Gillot ;  the  committee  has  adjudged  a  third  treatife  deferving 
of  honourable  mention,  which  has  for  its  infeription  artem 
experientia  fecit ;  the  author  of  it  is  not  known. 

Another  prize  on  the  fubject  of  a  preyed  for  a  fortified 
barrack,  has  been  given  to  Captain  Laurent.  The  com¬ 
mittee  have  judged  the  project  of  Captain  Biofchevalier, 
and  that  of  Lieutenant  Colonel  Gefbert,  to  deferve  honour¬ 
able  mention.  The  committee  has  rejected,  for  not  corref- 
ponding  with  the  propofed  fubject,  a  project  of  Captain 
Mallet,  for  a  barrack  intrenchment ;  but  have  thought  it  worthy 
of  particular  mention,  as  a  work  which  gives  a  very  advanta¬ 
geous  idea  of  the  talents  of  this  officer. 

Many  of  the  works  which  neither  received  prizes,  or  par¬ 
ticular  mention,  exhibit  ingenious  contrivances,  and  intereft- 
ing  observations.  In  general  thefe  two  contefts  have  fully 
proved  the  goodnefs  of  the  Inftitution,  of  which  the  object  is 
to  exite  emulation  in  all  the  corps  of  the  army,  to  propagate 
knowledge  among  them,  and  to  extend  the  perfection  of  all 
the  branches  of  the  military  art. 


Catalogue  of  THE  catalogue  of  the  Leipfic  fair,  has  this  year  contained 

Leipfic  fair,  con- jwo  fleets  more  than  ufual,  The  mufical  publications  have 
tained  3647  * 

publications.  been 
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been  added  to  it.  It  contains  3,64-7  articles,  furftifhed  by 
380  bookfellers.  The  number  of  romances  is  27 1,  ot  thea¬ 
trical  pieces  81,  and  mutic  95,  forms  447  articles. 


The  academy  of  painting  and  fculpture  at  Madrid,  are 
about  to  publifh  a  compleat  collection  oi  the  Arabic  antiqui- 
quities  of  the  kingdoms  of  Grenada  and  Cordova.  In  this 
work  will  be  found  not  only  views  and  plans  ot  the  monu¬ 
ments,  and  other  remarkable  matters  of  thefe  countries,  but 
alfo  an  explanation  of  all  the  infcriptions,  cyphers  and  hiero¬ 
glyphics. 


Publication  of 
Arabic  antiquw 
ties  of  Spain. 


THERE  is  foon  to  be  publithed  at  Lifbon,  a  Diaionary  of  Denary  of 

1  •  .  .  ix*  r  „  the  Bundalan- 

the  Ango.a  or  Bunda  language,  with  the  explanation  ot  ml  gusge,  fervice— 

the  words  in  Portuguefe.  There  has  never  before  been  aablctothofe 

dictionary  of  this  language.  This  will  be  publilhed  for  the 

ufe  of  thofe  Portuguefe  who  have  bufinefs  to  tranfact  with  the 

eftablifhments  which  their  country  poflefles  on  the  coaft  of 

Africa.  No  language  is  fpoken  there  to  fo  great  an  extent 

as  this. 


THE  celebrated  fculptor  M.  Canova,  is  engaged  in  ereCt-  Manfoleum  of 
ing  at  Vienna,  the  fplendid  Maufoleum  of  the  Arch-dulchefs  j^/caaova^ 
Chriftina,  an  immenfe  compofition  of  eight  marble  figures, 
larger  than  life ;  the  models  and  execution  of  which  have 
been  long  admired  at  Rome,  where  they  were  formed. 

M.  Canova  before  his  departure  from  Rome  exhibited  a  and  his  Thefeus 
coloflal  group,  reprefentingThefeus  combating  with  a  Centaur.  and  Centaur* 
Th  is  group  is  to  be  executed  in  marble  for  the  city  of  Milan. 

The  artifis  and  connoifieurs  of  Rome  feem  to  efieem  this  work 
fuperior  to  every  other  which  has  been  executed  by  this 
ingenious  and  indefatigable  artift. 


THE  Magiftracy  of  Augfburg  have  had  the  honour  of  piracy  of  books 
bein  tie  firft  government  of  fouth  Germany,  which  have  punilhed  at 
taken  decifive  meafures  againfl  the  fhameful  traffic  of  book-  Augibur? 
piracy.  Il  has'  confifcated  the  entire  edition,  confifling  of 
500  impceffions,  of  the  work  of  Goener,  on  the  political 

rights 
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Ru^ian  marine 
lattitudon. 


ftuffian  etta- 
bli  foments  for 
education. 
Numbers  of 
matters  and 
pupil#. 


Theatre  in  the 
Cnmea, 


rights  of  Germany,  which  was  pirated  by  Krauzfelder,  d 
dealer  in  fuch  iranfactions,  and  has  betides  compelled  Krauz- 
telder  to  pay  to  the  legitimate  editor,  the  price  of  the  copies 
which  he  had  told. 

THE  Ruffian  government  have  formed  at  Peterfburg,  an 
Infiilution,  whofe  defign  is  the  perfecting  of  all  that  belongs 
to  naval  armaments,  and  which  is  to  be  called  the  Marine 
Muftum.  This  inflitution  is  not  merely  to  be  a  fchool :  all 
the  fciences  neceffary  to  a  naval  officer  will  be  there  taught 
and  the  Muftum  will  betides  publiff)  a  journal  which  will  treat 
of  every  thing  relative  to  the  marine.  It  will  have  alfo  a 
cabinet  of  natural  hiftory,  which  will  be  open  to  all  the 
pupils.  This  effablilhment  will  be  under  the  direction  ot  the 
miniffer  of  the  marine,  and  its  members  are  to  wear  the 
naval  uniform. 


ACCORDING  to  the  report  of  the  miniffer  of  public  in- 
ff  ruction,  there  is  at  prefent  in  Raffia  494  inffitutions  for  educa¬ 
tion,  directed  by  J475  maffers,  and  attended  by  33484 
fcholars.  The  expence  of  thefe  effablithments  coffs  government 
annually  almoft  two  millions  of  Rubles.  Among  thefe  are 
not  reckoned  thofe  for  the  corps  of  cadets,  or  for  pages,  the 
Academy  of  Arts,  the  Schools  of  Commerce,  nor  the  Inffitu- 
tion  for  Female  Education.  Thofe  wHo  know  the  ftate  in 
which  Ruffian  education  was  at  the  acceflion  of  Alexander, 
may  judge  by  this  detail  what  he  has  done  towards  enlightning 
bis  vaft  empire. 

The  Ruffian  catholics  earneffly  concur  in  feconding  his 
•views.  At  an  ecclefiaffical  alfembly,  convoked  by  the  bifhop 
of  Luffv  and  Shetomir,  various  meafures  have  been  taken  in 
favour  of  the  eftabliffiments  for  education. 


IN  the  town  of  Odeffa  in  the  Crimea,  a  theatre  is  building 
with  much  activity,  according  to  the  plans  of  M.  Thomas  de 
Thomon  architect  to  the  Emperor,  and  a  profefior  of  the 
Peterfburg  academy* 

This 
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(Th  is  (hews  that  the  arts  are  even  extending  to  this  hitherto 
neglected  part  of  the  world,  which  certainly  from  its  fine 
climate,  and  many  other  advantages,  merits  every  attention 
of  its  enlightened  and  humane  matter.) 


THE  third  volume  of  the  Geographical  Dictionary  of  the  Geographical 
Rujian  Empire  has  been  publithed  by  the  bookfellers,  Gavy,  ^'u^l°narj'  °* 
Popow,  and  Luby. 


AN  important  work  is  foon  expe6ted  to  appear  at  Peterf- 
burg,  by  the  fcientific  M.  Delaunay,  counfellor  of  flate,  re¬ 
lative  to  Siberia,  and  the  bordering  countries. 


M.  KOTZEBUE  in  his  Iatt  tour  to  Naples  relates  fome  Ancient  manun 
particulars  which  he  faw  in  vifiting  the  Mufeum  of  Portici,  edT^PorUcrare 
which  will  be  interefting  to  the  admirers  of  ancient  literature, 

“  Eleven  young  men  are  at  prefent  employed  in  unrolling 
the  manuferips,  and  two  copy  them.  An  Englifhman  called 
Haiter,  is  at  the  head  of  the  eflablithment.  He  relates  that 
his  afliftants  are  much  more  expert  and  expeditious  than  they 
were  formerly.  He  has  great  hope  that  he  thall  have  the  600 
manuferipts,  (which  yet  remain)  decyphered,  and  has  little 
doubt  that  he  thall  difcover  among  them  an  Ennius  and  a  Me¬ 
nander,  as  he  flatters  himfelf  he  has  already  a  Polybius  in 
hands. 

On  the  day  of  the  vifit,  a  Greek  author,  hitherto  unknown 
named  Kolotos,  was  difeovered;  his  work  is  on  philofophy. 

As  the  names  of  the  author  are  always  inferted  at  the  end  of 
each  manufeript,  they  can  never  be  known  until  it  is  entirely 
unrolled.  Seven  latin  authors  have  pafled  through  the  hands 
of  Mr.  Haiter,  but  all  fo  much  damaged  that  it  was  impoffible 
to  unroll  them,  which  he  the  more  laments  as  one  of  them 
appeared  to  be  a  Livy,  at  leaf!:  it  was  an  hifiorical  work 
written  in  his  ftyle ;  all  that  he  can  difcover  of  it,  is,  that 
it  begins  with  an  harangue,  in  which  mention  is  made  of  the 
family  of  Acilius.  They  have  to  this  time  difeovered  five 
authors ;  Philodemus,  moll  of  whofe  writings  have  been  found* 
and  among  others,  a  treatife  on  the  vices  which  are  nearly, 
allied  to  virtues,  Epicurus ,  Ph^drus,  Demetrius  Phalereus  the  works  of 

and  EPicurus, 
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Demetrius,  and  and  his  Kolotos  above-mentioned.  Mr.  Haiter  regrets  that  he 
has  hitherto  only  met  with  works  on  philofophy,  although 
among  thefe  many  hiftorical  ideas,  hitherto  unknown,  occur 
here  and  there  ;  as  happened  in  a  differlation  on  anger,  in 
which  is  cited  the  example  of  Cadmus  punifhed  by  Bacchus 
for  having  given  himfelf  up  to  this  paflion,  a  circumftance 
hitherto  unknown. 


IT  has  for  fome  time  been  an  objeft  of  deliberation  with 
me,  to  afeertain  by  what  means  I  might  molt  effectually 
remedy  an  inconvenience  which  has  arifen  from  the  dif- 
tinguifhed  patronage  this  Journal  has  been  honoured  with: 
The  great  extent  and  value  of  original  communications  can¬ 
not  but  be  duly  eftimated  bv  the  public;  though  at  the  fame 
time  it  has  necellarily  followed,  that  various  articles  of  news 
and  other  fubjefts  in  the  foreign  Journals,  have  in  many  in- 
itances  been  pofponed,  and  in  fome  rejected.  To  retain  all 
the  peculiar  advantages  of  this  work,  and  to  afford  ample  fpace 
for  occafional  and  foreign  articles  of  value,  the  obvious  means 
have  appeared,  that  according  to  the  p  raft  ice  of  feveral 
other  refpeftable  works,  each  volume  fhould  be  concluded  by 
a  Supplementary  Number  ;  containing  fix  {beets,  or  96  pages 
of  printed  matter,  and  two  plates.  And,  as  many  of  tire 
former  plates,  like  thofe  in  the  prefent  number,  have  con¬ 
tained  mathematical  figures  or  outline  delineations,  capable 
of  being  advantageoufly  condenfed,  it  is  purpofed  in  all  the 
future  numbers  to  give  two  very  full  plates,  and  fixteen  extra 
pages  of  matter,  inftead  of  the  four  plates  hitherto  given. 
By  this  arrangement  every  volume  will  in  future  contain  30 
flieets  or  480  pages  of  matter,  and  10  full  plates  ;  inftead  of 
20  flieets  or  320  pages,  with  16  plates  lefs  fully  occupied. 
This  addition  of  new  matter  to  the  amount  of  full  one  half 
more,  will  admit  the  insertion  of  many  interefting  articles 
which  want  of  loom  muff  alfo  have  excluded. 


%*  The.  plate  of  Rye- Harbour  could  not  be  finijhed  in  time 
on  account  of  the  fudden  illnefs  of  the  Engraver,  It  will  be 
given  gratis  iu  the  Supplement,  which  will  be  publifhed  Jan.  1. 
next,  at  the  fame  time  as  Xq.  50, 
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ARTICLE  I. 

A  Defiriplion  of  an  Ah'  Pump  upon  a  new  Conjiruciion.  Bp 
Elizur  Wright.  Cormnunicated  bp  Benj.  Silliman, 

Efq.  ProfeJJbr  of  Natural  Philofophp,  8 fc.  in  Yak  College , 

Newhaven,  America . 

Upon  reading  the  improvements  made  in  the  air  pump  by  The  general  im- 

Smeaton,  Haas,  Prince,  Ruflel.and  Cuthbertfon,  it  occurred  P^r^10ns 

the  air  pump 

to  me  (hat  the  end  which  they  aimed  at  might  in  fome  mealure  explained, 
be  attained  upon  a  principle  that  is  different  from  either  of  thofe 
by  which  their  pumps  have  been  condru&ed  It  is  well  known 
that  in  a  common  air  pump  the  valve  at  the  bottom  of  the  bar¬ 
rel  depends  upon  the  air  in  the  receiver  to  open  it.  When  the 
air  in  the  receiver  is  rarihed  to  a  certain  degree,  its  fpring  be¬ 
comes  too  weak  to  overcome  even  the  fmail  red  dance  which 

• 

will  arife  from  the  weight  of  the  valve,  itsoohedon  to  the  plate 
occafioned  by  the  oil,  and  its  being  dretched  tight  over  the 
hole.  Here  the  progreCs  of  exhaudion  will  ftop.  And  this 
would  hold  true,  could  it  be  poflible  to  produce  a  perfect  va^. 
cuurn  in  the  barrel.  But  as  the  fame  obdru£tions  belong  to  the 
pidon  valve,  together  with  the  additional  one  arifing  from  the 
preflure  of  the  external  air  upon  it,  andbecaufe  the  pidon  can- 
Vdi,  XII.—  Supplement,  X  not 
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not  be  fo  accurately  fitted  to  the  lower  valve  as,  when  put 
down  upon  it,  to  leave  no  vacuity  between  them  ;  a  portion  of 
air  will  neceffarily  be  retained  in  the  barrel,  which  by  itspref- 
lure  (till  further  prevents  the  opening  of  the  lower  valve,  and 
caufes  the  operator  to  come  to  the  limit  of  rarefaftion  much 
fooner  than  he  would  upon  the  fuppofition  that  a  perfect  va- 
Improvemcnts  cuum  were  made  in  the  barrel.  Several  very  ingenious  con- 

andPdnc^^11  *r*vances  ^ave  been  invented  to  remove  this  imperfection, 
among  which  thofe  of  Cuthbertfon  and  Prince  are  among  the 
latefl,  and  cannot  fail  of  giving  the  reader  a  very  high  idea  of 
their  fagacity  and  talents  for  invention.  The  method  ufed  by 
the  Rev.  Mr.  Prince,  of  removing  the  lower  valve  by  open¬ 
ing  the  bottom  of  the  barrel  into  a  ciRem  which  has  a  com¬ 
munication  with  the  receiver,  firft  gave  the  hint  that  it  might 
The  air-pump  be  poflible  in  fome  fimilar  way  todifpenfe  with  both  the  valves, 
proved"^  im  and  this  means  carry  the  air  pump  to  a  greater  degree  of 
perfection.  In  purfuing  this  fubjeft  I  found  that  all  this  might 
be  effected,  and  in  a  way  that  admitted  of  much  fimplicity  of 
conftruftion. 

Defcription  of  a  The  principle  upon  which  this  pump  operates  may  be  feen 
nCW  air  l  Un'F'  i*n  tlie  following  defcription  of  it.  F,  ( Plate  XIV.  Fig.  1.)  is 
the  pump  plate.  OC  is  the  barrel  lying  in  a  horizontal  pofi- 
tion  underneath  the  pump  plate,  and  nearly  in  contaft  with  it. 
A  and  B  are  two  duCls  leading  from  the  pump  plate  into  the 
barrel.  The  piffon  P  is  without  a  valve,  being  folid  and  accu¬ 
rately  fitted  to  the  barrel,  I  he  pifton  rod  M  is  cylindrical  and 
mores  air  tight  in  the  leathern  collar  O.  There  is  another 
pifton,  N,  made  like  the  farmer,  but  fhorter,  and  afted  upon 
by  the  fpring  S,  which  is  thence  termed  the  fpring  pifton.  The 
•ends  6f  thefe  pift6ns  are  very  carefully  fitted  to  each  other,  fo 
•that  when  they  are  brought  into  contaft  they  will  form  one 
uniform  cylinder  without  any  vacuity  betwixt  them.  H  is  the 
winch,  With  a  pinion  and  rack  by  which  it  is  worked.  The 
'-pump is  fupported  by  a  pedefial  upon  which  it  is  firmly  fixed. 
Afolidpifton  The  manner  in  which  it  operates  is  this:  Suppoi'e  the  re- 
work5  in  a  bar-  cejver  placed  over  the  duel  A,  leaving  the  duft  B  open  to  the 
pafles  through  a  external  air,  alio  the  fpring  ptftnn  in  tlie  fituatioh  N,  exclud- 
collar  of  leather,  jpg  the  external  air  from  the  barrel,  as  reprefented  in  the  figure 

the  barrel  ferve,  and  the  P‘"on  1  ,n  contaft  with  it.  1  he  ptfton  P,  by  moving 
one  to  admit  air  towards  the  duft  A,  forms  a  vacuum  in  the  barrel.  When  it 

anTthe^ther  to*  Pad*es  tJie  du^  °Pens  a  communication  between  the 
-dilcharge  it.  -*  •  • '  .  feceiver 
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receiver  and  barrel,  and  the  air  by  its  elaftic  force  rufties  into  The  latter  is 
the  barrel  and  fills  it.  The  pifton  now  returns  toward-s  the  a*Ptin£ 

duct  B,  and  drives  before  it  the  air  contained  in  the  barrel, 
together  with  the  fpring  pifton  N,  until  they  are  (topped  by 
the  (boulder  D  at  the  inftant  in  which  the  ends  of  the  two  pi- 
lions  comeagainll:  the  middle  of  the  dudt  B.  By  forcing  the 
air  out  at  the  du£l  B,  the  pi  (tons  come  into  contact,  and  form 
one  uniform  cylinder,  that  prevents  any  communication  of  the 
barrel  with  the  external  air.  The  pifton  P  is  now  drawn  back 
toward  the  duft  A,  and  the  fpring  pifton  N,  by  the  action  of 
its  fpring,  follows  in  clofe  contadl  with  it,  until  it  is  (topped  by 
its  (boulder  C  meeting  with  the  end  of  the  barrel,  after  having 
patted  the  duct  B,  and  having  continued  to  intercept  the  com¬ 
munication  between  the  barrel  and  the  external  air.  This  is 
the  (ituation  with  which  the  defeription  began  ;  and,  repeating 
the  operation,  when  the  pifton  P  is  drawn  back  beyond  th-e 
du6t  A,  the  air  from  the  receiver  rufhes  into  the  barrel,--  and 
when  it  moves  forward  to  the  du£l  B  this  air  is  expelled. 

Having  exhibited  a  general  description  of  this  pump,  with 
the  manner  of  its  working,  a  more  particular  illuftration  of 
fome  of  its  parts  will  be  given. 

When  the  pump  is  intended  to  exhauft,  the  receiver  mufi  This  pump  ex- 
be  placed  over  the  duel  A,  leaving  the  dudt  B  open  to  the  ex-  jau?s  or  c°n" 
ternal  air ;  but  when  it  is  deftgned  to  condenfe,  nothing  more  Cure, 
is  neceffary  than  to  drift  the  (ituation  of  the  receiver  on  the 
plate,  placing  it  over  the  duel  B,  and  leaving  the  dudt  A  open 
to  the  external  air. 

The  dudt  B  is  continued  around  the  fpring  pifton  by  means 
of  a  circular  channel  cut  into  the  infide  of  the  barrel,  in  order 
that  the  air  might  efcape  from  all  ftdes  when  the  piftons  come 
into  contact. 

It  may  be  obferved  that  all  the  back  fpace  in  the  barrel  be-  Ohfervauon^ 
tween  the  collar  O  and  the  pifton  P  makes  a  part  of  the  ca¬ 
pacity  of  the  receiver;  or,  to  fpeak  more  accurately,  the 
fpace  O  A  between  the  collar  O  and  the  dudt  A :  the  fpace 
A  P  between  the  duel  and  pifton,  while  it  moves  from  A  toward 
B>  being  only  a  temporary  dilation  of  the  capacity,  and  the 
fpace  A  P  while  it  moves  from  A  towards  O  a  temporary  con* 
tradiion  of  it.  •* 

For  the  purpofe  of  preventing  a  fkdtuation  of  the  air  in  the  Advantage  of 

receiver,  which  would  be  caufed  bv  this  ey.panflon  and  con-  co.n^ru&ing  it 
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{ra£lion,  and  might  be  detrimental  in  fome  experiments,  the 
diameter  of  theduft  A  is  made  very  (mail,  and  another  barrel, 
having  firnilar  piftons  and  du6ts,  is  added,  with  its  rack  placed 
above  the  pinion  wheel,  while  the  other  is  placed  below  it. 
The  advantage  of  a  pump  of  this  kind  being  conflructed  with 
two  barrels  arifes  from  the  contrary  motions  of  their  pifions  ; 
for  while  one  augments  the  capacity  of  the  receiver  by  moving 
forward,  the  other  equally  diminifhes  it  by  moving  backward. 
An  equilibrium  is  thus  maintained  that  prevents  any  ofcillatory 
motion  in  the  mercury  of  the  gage,  which  might  arife  from  the 
operation  of  a  tingle  barrel'. 

The  additional  refinance  to  be  overcome  in  working  this 
pump,,  above  what  is  to  be  met  with  in  other  pumps,  happensr 
only  at  the  frnall  interval  while  the  (pring  pifton  is  palling  from 
its  natural  fituation  to  the  du6t  B.  This  need  not  be  more  than 
about  four  times  greater  than  that  which  is  rcquifite  to  over¬ 
come  the  friction  of  the  pifton  P,  and  will  be  eafily  provided 
or  by  increafing  the  proportion  between  the  diameter  of  the 
pinion  wheel  and  the  fweep  of  the  handle. 

ELIZdJR  WRIGHT,  C.  A.  $. 
Canaan  (Connecticut  in  America,) 

March  12,  1805. 
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Concerning  the  State  in  which  the  true  Sap  of  Trees  is  depofitcd 

during  Winter,  Thomas  Andrew  Knight,  Efq.* 

* 

(Concluded  from  Page  240) 

E  have  much  more  decifive  evidence  that  bulbous  and 
tuberous  rooted  plants  contain  the  matter  within  ihemfelves 
which  lublequently  compofes  their  leaves;  for  we  fee  them 
vegetate  even  in  dry  rooms,  on  the  approach  of  fpring;  and 
many  bulbous  rooted  plants  produce  their  leaves  and  flowers 
with  nearly  the  fame  vigour  by  the  application  of  water  only, 
aa  they  do  when  growing  in  the  beft  mould.  But  the  water  iti 
this  cafe,  provided  that  it  be  perfectly  pure,  probably  affords 
little  or  no  tood  to  the  plant,  and  a<5ts  only  by  dillblving  the 

*  Phil.  Tranf.  of  1805,  p.  97. 
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natter  prepared  anddepoftted  in  the  preceding  year;  and  hence 
the  root  becomes  exhaufted  and  fpoiled:  and  Hairenfralz  found 
that  the  leaves  and  flowers  and  roots  of  fach  plants  atforded  no 
more  carbon  than  he  had  proved  to  exift  in  bulbous  roots  of  the 
fame  weight,  whole  leaves  and  flowers  had  never  expanded. 

As  the  leaves  and  flowers  of  the  hyacinth,  in  the  preceding — and  It  Is 
cafe,  derived  their  matter  from  the  bulb,  it  appears  extremely  1^ees°con>  ^ 
probable  that  the  blofl'oms  of  trees  receive  their  nutriment  from  tain  the  nutri- 
the  alburnum,  particularly  as  the  blolfoms  of  many  fpecies  °^^eir 
precede  their  leaves:  and,  as  the  roots  of  plants  become  weak¬ 
ened  and  apparently  exhaufted,  when  they  have  afforded  nutri¬ 
ment  to  a  crop  of  feed,  we  may  lufpebt  that  a  tree,  which  has 
borne  much  fruit  in  one  feafon,  becomes  in  a  fimilar  way 
exhaufted,  and  incapable  of  affording  proper  nutriment  to  a  crop 
in  the  fucceeding  year.  And  I  am  much  inclined  to  believe 
that  were  the  wood  of  a  tree  in  this  flate  accurately  weighed, 
it  would  be  found  fpecifieally  lighter  than  that  of  a  fimilar  tree, 
which  had  not  afforded  nutriment  to  fruit  or  blolfoms.,  in  the 
preceding  year,  or  years. 

If  it  be  admitted  that  the  fubftance  which  enters  i-nto  the  The  preparation 
compofttion  of  the  firft  leaves  in  the  fpring  is  derived  from  °*  nuvtr1' 
'matter  which  has  undergone  fome  previous  preparation  within  implies  thatthe 
the  piant,  (and  I  am  at  a  lofs  to  conceive  on  what  grounds  this  Julce*  circulate, 
•can  be  denied,  in  bulbous  and  tuberous  rooted  plants  at  lead,) 
it  muff  alfo  be  admitted  that  the  leaves  which  are  generated  in 
the  fummer  derive  their  fubftance  from  a  fimilar  fource;  and 
this  cannot  be  conceded  without  a  direft  admillion  of  the 
exiftence  of  vegetable  circulation,  which  is  denied  by  lo  many 
•eminent  naturalifts.  I  have  not,  however,  found  in  their  writ¬ 
ings  a  Angle  fact  to  difproveits  exiftence,  nor  any  great  weight 
in  their  arguments,  except  thole  drawn  from  two  important 
errors  in  the  admirable  works  of  Hales  and  Du  Hamel,  which 
I  have  noticed  in  a  former  memoir.  I  fhall  therefore  proceed 
to  point  out  the  channels,  .through  which  I  conceive  the.circq^ 
lating  fluids  to  pad. 

Whenaleed  is  depoflled  in  the  ground,  or  otlver wife  ex pofed  Explanation  of 
to  a  proper  degree  of  heat  and  moifture,  and  expofure  to  air,  whidb^h^juices 
water  is  abforbed  by  the  cotyledons  and  the  young  radicle  or  of  plants  circu- 
Toot  is  emitted.  At  this  period,  and  in  every  fuhfequent  ftage  j^gs*  changes'/ 
of  the  growth  of  the  root,  it  increafes  in  length  by  the  addition  &c. 
of  new  parts  to  its  apex,  or  point,  and  not  by  any  general  dif- 

tenfi  on 
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Explanation  of  tendon  of  its  veflels  and  fibres;  and  the  experiments  of  Bonnet 

which  the  juices  anC^  ^ame*  Jcave  little  grounds  of  doubt,  but  that  the  new 
of  plants  circu-  matter  which  is  added  to  the  point  of  the  root  defcends  from  the 

tudes^changes,  co^cc^ons*  drft  motion  therefore  of  the  fluids  in  plants  is 

&c.  -  downwards*  towards  the  point  of  the  root ;  and  the  veflels 

which  appear  to  carry  them,  are  of  the  fame  kind  with  thofe 
which  are  iubfequently  found  in  the  bark,  where  I  have,  on  a 
former  occafion,  endeavoured  to  prove  that  they  execute  the 
fame  office. 

In  the  lad  fpring  I  examined  aimed  everyday  the  progrefiive 
changes  which  take  place  in  the  radicle  emitted  by  the  horfe 
chefnut:  I  found  it,  at  its  fird  exidence,  and  until  it  was  fome 
weeks  old,  to  be  incapable  of  abforbing  coloured  infu lions, 
when  its  point  was  taken  off,  and  I  was  totally  unable  to  dii- 

J 

cover  any  alburnous  tubes,  through  which  the  dip  ablorbed 
from  the  ground,  in  the  fublequent  growth  of  the  tree,  alcends ; 
but  when  the  roots  were  confiderably  elongated,  alburnous 
tubes  iormed  ;  and  as  foon  as  they  had  acquired  lome  degree  of 
drmnefs  in  their  confidence,  they  appeared  to  enter  on  their 
office  of  carrying  up  the  aqueous  fap,  and  the  leaves  of  the 
pi  a  mill  a  then,  and  not  fooner,  expanded. 

The  leaf  contains  at  lead  three  kinds  of  tubes  :  the  fird  is 
what,  in  a  former  Paper,  I  have  called  the  central  veiled,  *hrough 
which  the  aqueous  fap  appears  to  be  carried,  and  through  which 
coloured  infufions  readily  pafs,  from  the  alburnous  tubes  into 
the  leaf-daik.  Thefe  veflels  are  always  accompanied  by  fpiral 
tubes,  which  do  not  appear  to  carry  any  liquid  :  but  there  is 
another  veffel  which  appears  to  take  its  origin  from  the  leaf, 
and  which  defcends  down  the  internal  bark,  and  contains  the 
true  or  prepared  fap.  When  the  leaf  has  attained  its  proper 
growth,  it  feems  to  perform  precifely  the  office  of  the  cotyledon  ; 
but  being  expofed  to  the  air,  and  without  the  fame  means  to 
acquire,  or  the  fubdance  to  retain  moidure,  it  is  fed  by  the  al¬ 
burnous  tubes  and  central  ye  dels.  'The  true  fap  now  appears  to 
be  difeharged  from  the  leaf,  as  it  was  previoufly  from  the  cotyle- 
don^into  the  vetfels  of  the  bark,  and  to  be  employed  in  the  for¬ 
mation  of  new  alburnous  tubes  between  the  bafe  of  the  leaf  and 
the  root.  From  thefe  alburnous  tubes  fpring  other  central  vef- 
fels  and  fpiral  tubes,  which  enter  into  and  pofTibly  give  ex¬ 
idence  to,  other  leaves;  and  thus  by  a  repetition  of  the  fame 

proofs 
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procels  the  young  tree  or  annual  {hoot  continues  to  acquire  Explanation  of 

new  parts,  which  apparently  are  formed  from  the  afcending  ^hidi^e  }uice» 
aqueous  fap,  .  of  plants  circu- 

But  it  has  been  proved  by  Du  Hamel  that  a  fluid,  fimilar  to  tu'des^changcs” 
that  which  is  found  in  the  true  fap  veflels  of  the  bark,  exifls  &c. 
alio  in  the  alburnum,  and  this  fluid  is  extremely  obvious  in  the 
tig,  and  other  trees,  whofe  true  fap  is  white,  or  coloured.  The 
veflels,  which  contain  this  fluid  in  the  alburnum,  are  in  con¬ 
tact  with  tiiofe  which  carry  up  t lie  aqueous  fap;  and  it  does 
not  appear  probable  that,  in  a  body  fo  porous  as  wood,  fluids  lo 
near  each  other  fliould  remain  wholly  unmixed.  I  muft  there¬ 
fore  conclude  that  when  the  true  fap  has  been  delivered  from 
the  cotyledon  or  leaf  into  the  returning,  or  true  fap  veflels  of 
the  bark,  one  portion  of  it  fecreles  through  the  external  cel¬ 
lular,  or  more  probably  glandular  fubftance  of  the  bark,  and 
generates  a  new  epidermis,  where  that  is  to  be  formed;  and 
tliat  the  other  portion  of  it  fecretes  through  the  internal  glan¬ 
dular  lubftance  of  the  bark,  where  one  part  of  it  produces  the 


new  layer  of  wood,  and  the  remainder  enters  the  pores  of 
the  wood  already  formed,  and  fubfequently  mingles  with  the 
afcending  aqueous  fap  ;  which  thus  becomes  capable  of  af¬ 
fording  the  matter  neceflary  to  form  new  buds  and  leaves. 

It  has  been  proved  in  the  preceding  experiments  on  the 
afcending  fap  of  the  fycamore  and  birch,  that  that  fluid  does 
not  approach  the  buds  and  unfolding  leaves  in  thefpring,  ip  the 
Hate  in  which  it  is  abforbed  from  the  earth :  and  therefore  we 
may  conclude  that  the  fluid,  which  enters  into,  and  circulates 
through  the  leaves  ot  plants,  as  the  blood  through  the  lungs  of 
animals,  confifls  of  a  mixture  of  the  true  fap  or  blood  of  the 
plant  with  matter  more  recently  ablorbed,  and  lefs  perfe&ly 
aflimilated. 

It  appears  probable  that  the  true  fap  undergoes  a  confider- 
able  change  on  its  mixture  with  the  afcending  aqueous  fap  ; 
for  this  fluid  in  the  fycamore  has  been  proved  to  become  more 
fenfibly  fweet  in  its  progrels  from  the  roots  in  the  fpring,  and 
the  liquid  which  flows  from  the  wounded  bark  of  the  fame 
tree  is  alfo  fweet ;  but  I  have  never  been  able  to  detebi  the 
flighted:  degree  of  fweetnels  in  decobiions  of  the  fycamore 
wood  in  winter.  I  am  therefore  inclined  to  believe  that  the 
(accharine  matter  exifling  in  the  afcending  fap  is  not  immedi¬ 
ately,  or  wholly,  derived  from  the  fluid  which  had  circulated 

through 


i 
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Exp:*,  ation  of  through  the  leaf  in  the  preceding  year;  but  that  it  is  gene- 

which 3 ^ P(.C j tic e  rate^  by  a  Procek  fimilar  to  that  of  the  germination  of  feeds, 
of  plants  circu  and  that  the  fame  procefs  is  always  going  forward  during  the 
‘tvdes^ 'changes  anf^  as  long  as  the  tree  continues  to  generate 

&c.  new  organs.  But  towards  the  cenclufion  of  the  fummer  I 

conceive  that  the  true  fap  {imply  accumulates  in  the  alburnum, 
and  thus  adds  to  the  fpecific  gravity  of  winter-felled  wood, 
and  increafes  the  quantity  of  its  extra&ive  matter. 

I  have  fome  reafons  to  believe  that  the  true  fap  defcends 
through  the  alburnum  as  well  as  through  the  bark,  and  I  have 
been  informed  that  if  the  bark  be  taken  from  the  trunks  of  trees 
in  the  fpring,  and  fuch  trees  be  luftered  to  grow  till  the  fol¬ 
lowing  winter,  the  ' alburnum  acquires  a  great  degree  of 
hardnefs  and  durability.  If  fubfequent  experiments  prove  that 
the  true  fap  defcends  through  the  alburnum,  it  will  be  eafy  to 
point  out  the  caufe  why  trees  continue  to  vegetate  after  all 
communication  between  (he  leaves  and  roots,  through  the  bark, 
has  been  intercepted:  and  why  fome  portion  of  alburnous 
matter  is  in  all  trees*  generated  below  incifions  through  the 
bark. 

It  was  my  intention  this  year  to  have  troubled  you  with 
fome  obfervations  on  the  reproduction  ot  the  buds  and  roots 
of  trees;  but  as  the  fubjecl  of  the  Paper,  which  I  have  now 
the  honour  to  addrefs  to  you,  appeared  to  be  of  more  im¬ 
portance,  I  have  deferred  thofe  obfervations  to  a  future  op¬ 
portunity  ;  and  I  fliall  at  prefent  only  obferve,  that  I  conceive 
myfelf  to  be  in  polleffion  of  fads  to  prove  that  both  buds  and 
roots  originate  from  the  alburnous  fubftance  ot  plants,  and  not, 
as  is,  I  believe,  generally  luppofed,  from  the  bark. 

I  am,  &c. 

T.  ANDREW  KNIGHT. 

Elton ,  Dec.  1801*. 

,  / 

*  I  have  in  a  former  paper  ftated  that  the  perpendicular  /boots  of 
the  vine  form  an  exception.  I  fpoke  on  the  authority  of  numerous 
experiments  ;  but  they  had  been  made  late  in  the  fummer;  and  on 
repeating  the  fame  experiments  at  an  earlier  period,  I  found  the 
jefult  in  conformity  with  my  experiments  on  other  trees. 
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III. 


Singular  . Method  of  forming  H  alls  and  Roofs  of  Rural  Build - 
in",  in  Indojtan,  communicated  by  M.  Legoux  de  Flaix, 
Officer  of  Engineers  *. 

The  method  which  the  Indians  have  ufed  for  many  years, 
of  forming  their  rural  buildings,  unites  folidity,  convenience, 
and  vvholefomenefs  to  economy,  and  facility  of  execution. 

Houfes  conftrmfted  in  this  manner  have  alfo  the  advantage 
of  being  abfolutely  fafe  from  conflagration,  and  of  reiifting 
even  the  moft  violent  inundations. 

In  a  country  where  flone  is  fcarce,  the  rich  build  their 
houfes  with  bricks,  which  in  many  refpeds  are  preferable  to 
done  ;  but  poor  people,  fuch  as  thofe  employed  in  agriculture, 
cannot  go  to  that  expence,  even  in  India,  where  labour  and 
materials  are  fo  cheap. 

The  habitations  of  villagers  in  moft  parts  of  the  globe 
are  built  with  earth  walls,  in  India  they  are  hkewife  covered 
with  terraces  of  earth,  and  it  is  evident,  that  buildings  formed 
with  both  walls  and  roofs  of  earth  mud  neceflarily  be  free 
from  danger  of  fire. 

To  prove  that  buildings  of  this  conftru&ion  are  equally 
fafe  from  inundations,  it  is  fufficient  to  Hate,  that  on  the 
banks  of  the  Ganges  and  Indus,  (rivers  of  vaft  magnitude 
both  in  their  extent  and  their  courfe,  and  vvhofe  great  bodies 
of  water  caufe  the  moft  deftru&ive  eff'e&s  in  their  floods,) 
thefe  houfes  ftand  uninjured,  though  fometimes  ifo’atcd  in  the 
midil:  of  immenfe  inundations  for  fifteen  or  twenty  days.  It 
is  extremely  probable,  that  houfes  built  of  ftone  or  brick 
A’ould  not  ftand  this  great  force  of  water  equally  well. 

To  form  houfes  in  this  manner,  the  foundations  of  the 
on tlirle  and  partition  walls  are  dug  up,  which  are  fometimes 
rom  five  to  (even  feet  deep,  and  always  proportioned  to  the 
heighth  intended  to  be  given  to  the  walls.  Idle  excavated 
?arth  is  expofed  till  it  becomes  perfeftly  dry;  if  it  is  of  a  fat 
>r  argillaceous  nature,  it  is  carried  to  a  place,  prepared  for 
he  purpofe,  where  it  may  be  pounded  into  a  dnft,  and  pro- 
ierlv  prepared  for  ufe;  when  in  this  ftate,  it  is  mixed  with  a 


Advantages  of 
this  method  of 
building. 

Refifts  fire  ani 
inundations* 


The  earth  dug 
from  the  foun¬ 
dations  is  pound 
ed  fine. 


*  S  onninus’s  Journal,  II.  3A4. 


and  mixed  with 
coarfe  fand  or 
fine  gravel. 


5 


third 


3H 


then  moiftcned 
with  water. 


The  walls  are 
raifed  all  toge¬ 
ther. 


from  two  to  four 
feet  thick. 


In  one  two  or 
three  courfes  in 
a  day  according 
to  the  thicknefs. 


i 


Spaces  left  for 
beams,  doors, 
and  windows. 


The  walls  when 
dry  are  enclofed 
in  open  work 
cafes  of  bambou, 


at  two  or  three 
i'eet  diftance, 
and  the  interval 
Ailed  with  fuel. 
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third  or  an  hall  of  coarfe  fand,  or  fmall  gravel  paffed  through 
a  fieve  to  clear  it  from  pebbles.  The  fat  earth  is  mixed  with 
Inc  fand  and  gravel,  and  worked  up  weil  with  if,  fo  that  the 
inaf*  may  be  or  an  uniform  confidence.  It  is  then  moiftened 
v\ith  water  five  or  fix  hours  before  it  is  wanted,  and  in  the 
quantity  necefiary  tor  a  fiingle  day's  work  alone. 

J  he  mixture  thus  prepared  is  carried  to  the  place  of  build- 
"hen  the  foundations  are  perfectly  dry,  and  the  walls  are 
then  built  equally  in  every  part  at  the  fame  time,  on  a  perfect 
level,  in  courfes,  and  brought  up  perpendicularly  :  each  courfe 
ol  earth  is  from  eight  to  ten  inches  in  depth,  and  the  whole 
breadth  ot  the  wall,  which  is  teldom  lefs  than  two  feet  thick, 
and  never  exceeds  four;  which  dimenfions  are  always  re¬ 
gulated  by  tne  intended  height  of  the  building,  and  the  force 
of  the  floods,  if  it  is  near  the  river.  When  the  walls  are 
three  feet  and  a  half,  or  lour  feet  thick,  only  one  courfe  is 
raifed  in  a  day  ;  but  when  they  are  from  two  feet  and  half 
to  three  feet  thick,  two  courfes  are  raifed,  and  if  they  are 
but  two  feet  thick,  three  courfes  arc  fometimes  raifed  in  that 
(pace  of  time.  This  depends  on  the  quicknels  of  the  defic- 
cation  of  the  wa!!<,  which  fpeedily  lakes  place  there,  where  the 
drynefs  of  the  air  is  extreme:  this  would  not  perhaps  happen 
in  our  moift  climates;  if  tins  method  of  building  fhould  be 
tried  here,  it  would  probably  be  necefiary  to  leave  them 
longer  to  dry,  in  order  to  obtain  the  requifite  tenacity. 

W  hen  the  walls  are  built  to  the  height  for  the  roof,  the 
proper  openings  are  made  tor  the  beams  and  joifls.  It  is 
almoft  needlefs  to  add,  that  the  apertures  necefiary  for  the 
doors  and  windows  are  made  while  the  walls  are  building. 

On  the  twelfth  or  fifteenth  day,  or  when  the  walls  are 
Efficiently  dry,  or  to  the  fame  degree  to  which  tiles  are  dried, 
the  walls  are  furrounded  externally  and  internally  with  a  fort 
of  open  work  cafe,  made  of  (pars  of  bambou,  or  of  fome  other 
hard  and  dry  wood.  In  Indofian,  where  this  method  of 
building  is  general,  the  workman  have  b?.rs  of  iron,  which 
they  hire  out,  that  ferve  to  fufiain  the  coffer  work  mentioned, 
and  are  placed  at  every  three  or  four  yards;  the  coffer  wotk 
is  raifed  at  two  or  three  feet  difiance  from  the  fur  face  of  the 
v\a!!>,  according  to  their  thicknefs,  and  the  fpace  between  is 
filleu  up  with  firewood,  turfs,  and  cakes  made  of  cow  and 
flieep  dung  worked  together  and  dried  in  the  fun. 

This 
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'  This  pile  of  combuftibles  is  arranged  in  feveral  fiages,  Arranged  In 
of  three,  four,  or  five  feet  thick,  feparated  from  each  other  byiaycr^oif^ 
by  layers  of  earth  or  half  dried  turf  of  from  eight  to  ten  earth, 
inches  depth  ;  the  upper  fiages  are  firfi:  fet  on  fire,  fo  that  the  The  upper  ftages 
wall  is  baked  through  its  whole  extent  from  top  to  bottom. kin;iied* 
The  charge  of  the  combullibles  for  each  of  the  fiages  is  fo 
managed,  that  the  lowed  is  the  greatefi,  and  is  diminifhed 
for  each  as  it  is  nearer  the  .top  of  the  wall ;  as  the  pile  burns 
down  the  fire  of  the  lower  fiages  fiill  a£is  on  the  upper  part 
of  the  walls,  which  permits  the  upper  fiages  to  be  of  lefs 
thicknefs.  The  fire  bakes  the  walls  to  a  thicknefs  of  from  avails  thus  baked 
fix  <o  ten  inches,  as  tiles  are  baked  in  a  kiln.  And  thus  walls  ^ 
are  built  in  a  fingie  piece,  and  of  the  greatefi  folidity,  which  ten  inches, 
have  the  more  firength,  as  there  are  no  junctures  in  them. 

Wherefore  they  ought  to  prevent  the  greeted  poflible  refift- 
ance  to  the  action  of  the  atmolphere,  the  attacks  of  floods, 
and  the  fall  of  rain,  which  defcends  in  torrents  in  mod 
countries  of  Indofian  during  the  rainy  feafon. 

Experience  has  confiantly  proved,  that  the  houfes  built  in  Thefe  houfes 
this  manner  not  only  la  ft  much  longer  than  thofe  built  of  thofe°of''bnc\£tn 
bricks,  but  that  they  alfo  refill  better  the  attacks  of  the  and  re flft  floods 
periodical  inundations,  and  thofe  of  tbe  annual  rains  to  which  and  raln  tetter, 
they  are  expofed  in  this  climate. 

The  method  in  which  the  terrace  roofs  (which  are  called  Their  roofs  are 
in  India  argumace)  are  formed  for  thefe  houfes,  is  the  *thxcc  layersl  ** 
following : 

Immediately  after  the  baking  and  cooling  of  the  walls,  the 
afhes  and  the  bars  which  fuftained  the  coffer  woik  are  re¬ 
moved.  The  beams  and  joifts  are  placed,  and  covered 
either  with  very  thin  boards,  or  elfe  with  lmall  green  branches; 
and  upon  this  lupport  the  different  layers  of  the  terrace  roof 

are  placed.  The  firfi  layer  is  fimply  clay,  with  an  equal  Fir^  hyer  eom- 
...  r  "  j  ..  ,  •  ,  ,  mou  clay  and  ole, 

quantity  of  ole,  a  ipecies  of  marl  in  powder,  which  is  pounded  a  0f  marl, 

in  troughs,  fuch  as  are  ufed  for  preparing  mortar.  This  firfi  layer  f°ur  or  five 

is  four  or  five  inches  thick,  and  it  is  then  levelled,  and  is 

moifiened  from  time  to  time,  in  order  to  beat  it  firm  with 

final!  bats.  As  foon  as  this  is  dry,  the  fecond  layer  is  laid  on, 

which  confifis  of  potters  clay  worked  up  in  the  fame  manner  Second  layer 

as  if  prepared  for  making  pottery;  this  layer  is  only  two 

or  three  inches  thick  at  mofi.  It  is  levelled  according  to  the  thick. 

(lope  of  the  terrace.,  which  is  given  it  in  placing  the  beams 

and 
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and  joifls,  and  it  is  confolidated  by  light  blows  of  wooden 
trowels,  until  it  is  perfectly  dry.  When  the  clay  forms  cracks 
in  drying  they  are  clofed  by  other  clay  prepared  for  filling  up 
thefe  chinks  to  the  bottoms. 

Third  layer  clay  The  fecond  layer  when  perfedtly  dry,  and  free  from  cracks, 
with  one  fourth  covered  with  a  third  layer;  which  iscompofed  of  pulverized 
clay  mixed  with  a  fourth  of  brick  dufl,  pafied  through  a  dole 
fieve,  and  with  a  fourth  of  fine  fand.  This  mixture  is  worked 
up  in  a  trough  like  mortar;  it  is  ufed  as  foon  as  prepared,  and 
is  then  fpread  out  equally  over  the  whole  terrace  iix  or  eight 
inches  thick  ;  this  layer  is  confolidated  in  the  fame  manner  as 
the  others,  and  this  labour  is  continued  till  it  is  perfectly  dry  ; 
and  then  the  argamace  is  finithed.  This  terrace  is  ftrong,  and  has 
luch  tenacity  that  the  mofl  violent  rains  cannot  penetrate  it. 

A  building  of  this  fpecies  cofts  in  India  but  fix  francs  (five 
fhiliings)  for  the  cabic  fathom  and  is  entirely  performed  by 
mafons.  In  France  it  would  coft  three  times  as  much  (and 
fomething  more  in  England)  on  account  of  the  greater  expence 
of  labo.ur  and  fuel. 

Houfes  may  be  built  in  this  manner  of  any  height  required, 

and  of  as  many  ftones  as  are  thought  fit ;  I  have  feen  fume 

that  had  but  one  ground  floor;  but  I  have  alfo  feen  others  that 

An  houfeof  this  were  elevated  two  flories  above  the  ground  floor.  One  of  this 

fort  430  years  laft  fort,  fituated  on  the  banks  of  the  Gemna  in  the  province  of 
built  leemed  A  ,  .  ,  ,  .  ,  , 

tjuite frefh.  Alabad,  was  built  above  430  years,  and  the  walls,  and 

the  whole  of  the  building  looked  as  frefh  as  if  they  were  new. 


OTICK.  uuil  aim 

one  fourth  fine 
fand  6  or  8 
inches  thick. 


Houfes  thus 
built  coft  6 
franks  for  the 
cubic  fathom. 


May  be  -made 
with  many  fto- 
ries. 
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Account  of  fame  new  Improvements  on  Steam-Engines .  By  Mr. 

Arthur  Woolf. 
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Mr.  Woolf’s 
improvements 
in  fteam-en- 
ginei. 


(Concluded  from  page  196.) 

T 

have  found  out  and  invented  a  contrivance,  bv  which 
the  temperature  of  the  fleam  veifel  or  working  cylinder  of  a 
lte3m-engine,  or  of  the  fleam  veflfels  or  cylinders  where  more 
than  one  are  ufed,  may  be  raifed  to  any  required  temperature, 
without  admitting  fleam  from  the  boiler  into  any  furrounding 
receptacle,  whether  known  by  the  name  of  a  fleam  cafe,  or 
by  any  other  denomination.  That  is  to  fay,  inflead  of  admitting 

fleam 
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fleam  of  a  high  temperature  into  fnch  receptacle  or  fleam  cafe,  Mr.  WoolPs 
which  is  always  attended  with  a  rifk  of  explofion  proportioned 
to  the  elaflicity  of  the  fleam  employed,  I  put  into  the  faid  gines. 
furrounding  receptacle,  or  cafe,  oil  or  the  fat  of  animals,  or 
wax  or  other  fubflances  capable  of  being  melted  by  a  lower 
temperature  than  the  heat  intended  to  be  employed,  and  of 
bearing  that  heat  without  being  converted  into  vapour  :  or  ^ 
put  into  the  faid  cafe  or  cafes  mercury  or  mixtures  of  metals, 
as  of  tin,  bifmutb,  and  lead,  capable  of  being  kept  in  a  flate 
of  fufion  in  a  lower  temperature  than  that  intended  to  be  em¬ 
ployed  in  working  the  fleam-engine;  and  I  fo  form  the  fur¬ 
rounding  cafe  or  cafes  as  to  make  it  or  them  admit  the  aforefaid 
oil,  or  other  fubflance  employed,  to  come  into  cental  not 
only  with  the  tides  of  the  fleam  veflel  or  veflels,  or  vvork- 
ing  cylinder  or  cylinders,  but  alio  with  the  bottom  and  top 
of  the  tame,  fo  that  the  whole  may  be  as  much  as  poffible 
maintained  in  one  uniform  temperature  ;  and  this  tempera¬ 
ture  I  keep  up  by  a  tire  immediately  under  or  round  the 
cafe  or  cafes  that  contains  the  aforefaid  ofl  or  other  fub¬ 
flance,  or  by  connecting  the  laid  cafe  or  cafes  with  a  fe- 
parate  veflel  or  veflels,  kept  at  a  proper  temperature,  filled 
vvith  the  oil  or  other  fubflajnce  made  ufe  of  as  aforefaid. 

In  fome  circumflances,  or  whenever  the  fame  may  be  con¬ 
venient  or  definable,  I  employ  the  fluid  metals,  or  mixtures 
of  metals,  and  oil  or  other  of  the  fubflances  before  enu¬ 
merated,  at  one  and  the  fame  time  in  the  fame  engine;  that 
is  to  fay,  in  the  part  of  the  cafe  or  veflel  expofed  to  the 
greateft  adion  of  the  fire,  I  fometimes  have  the  aforefaid 
metals  or  mixtures  of  metals,  and  in  the  parts  lefs  expofed 
to  the  adion  of  the  fire,  I  put  oil,  or  other  fubflances  ca¬ 
pable  of  bearing  the  requifite  heat  without  being  converted 
into  vapour. 

“  By  this  arrangement,  and  method  of  applying  the  fur- 
xounding  heat,  I  not  only  obviate  the  neceflity  of  employ¬ 
ing  fleam  of  a  great  expanfive  force  round  the  fleam  veflel 
or  veflels,  or  the  working  cylinder  or  cylinders,  as  already 
mentioned,  to  maintain  them  at  the  temperature  required; 
but  I  am  enabled  to  obtain  from  fleam  of  a  comparatively 
lowr  temperature,  or  even  from  water  ltfelf,  admitted  into 
the  fleam  veflel  or  veflels,  all  the  efleds  that  can  be  oh- 

i 

tained  from  fleam  of  a  high  temperature,  without  any  of 

the 


318 

Mr.  Wrolt'j 
improvements 
in  fteam-en- 
gmes* 


OX  STEAM-ENGINES. 

riik  with  which  the  production  of  the  latter  is  accom¬ 
panied,  not  only  to  the  boiler  and  other  parts  of  the  ma¬ 
chinery,  but  even  to  the  lives  of  the  workmen  ;  for  fuch 
knv  fleam,  or  even  water,  (but  in  every  cafe  (team  is  pre¬ 
ferable,)  being  admitted  into  a  tleam  vefiel  or  veffels,  or 
working  cylinder  or  cylinders,  kept  at  the  requifite  higher 
temperature  by  the  lorementioned  means,  wilt  there  be  ex¬ 
panded  in  any  ratio  required,  and  produce  an  effedt  in  the 
working  of  the  engine  which  cannot  otherwise  be  obtained 
but  at  a  greater  espeufe  of  fuel,  or  with  the  r ilk  of  an  ex¬ 
plosion.  By  this  means  I  can  make  ufe  of  fleam  expanded 
in  any  required  ratio,  or  of  any  given  temperature,  without 
the  neceflity  of  ever  having  the  fleam  of  any  greater  elaf- 

ticity  than  equal  to  the  preflure  ot  the  common  atmo- 
fphere. 

"  Another  improvement  which  I  make  ufe  of  in  fleam- 
engines  conflfls  in  a  method  of  preventing,  as  much  as 
poffible,  the  paflage  of  any  of  the  fleam  from  that  fide  of 
the  piflon  which  is  acted  upon  by  the  faid  fleam  to  the 
other  fide  which  is  open  to  the  condenfer;  and  this  1  ef¬ 
fect,  in  thofe  fleam-engines  known  by  the  name  of  double 
engines,  by  employing  upon  or  above  the  piflon  mercury 
or  fluid  metal,  or  metals  in  an  altitude  equal  to  the  prefiurc 
of  the  fleam.  The  efficacy  of  this  arrangement  will  appear 
obvious,  from  attending  to  what  mufl  take  place  in  working 
fuch  a  piflon.  \\  hen  the  piflon  is  afeending,  that  is,  when 
tne  fleam  is  admitted  below  the  piflon,  the  fpace  on  its  other 
fide  being  open  to  the  condenfer,  the  fleam  endeavouring  to 
paf*  op  by  the  fide  of  the  piflon  is  met  and  effectually  pre¬ 
vented  by  the  column  of  metal  equal  or  fuperior  to  it  in  preffure, 
and  during  the  down  flroke  no  fleam  can  poffibly  pafs  without 
hrft  forcing  all  the  metal  through.  In  working  what  is  called 
a  fingle  engine  a  Iefs  confiderable  altitude  of  metal  is  required, 
becaufe  the  fleam  always  afts  on  the  upper  fide  of  the  piflon. 
For  fingle  engines,  oil  or  wax,  or  fat  of  animals,  or  fimilar 
fubftances,  in  lufficient  quantity,  will  anfwer  the  purpofe,  if 
another  improvement,  which  conflitutes  part  of  my  faid  in¬ 
vention,  be  applied  to  the  engine,  namely  to  take  care  that 
in  either  the  double  or  iingle  engine  to  to  be  worked,  the 
outlet  that  conveys  the  fleam  to  the  condenfer  fhall  be  fo  po¬ 
rted,  and  oi  lack  a  lize,  that  the  fleam  may  paf»  without 

forcing 
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facing  before  it  or  carrying  with  it  any  of  the  metal  or  other  ^r*  Woolf>s 
r  ,  .  .  ,  ,  ,  '  ,  ,  ,  .  improvements 

lubttance  employed,  that  may  have  palled  by  the  pifton;  taking  ,n  fteam-en- 

care  at  the  lame  to  provide  another  exit  for  the  metal  or  other  gines. 
fubftance  collected  at  the  bottom  of  the  (team  veflel  or  working 
cylinder  to  convey  the  fame  into  a  refervoir  kept  at  a  proper 
heat,  whence  it  is  to  be  conveyed  to  the  upper  fide  of  the 
pifton  by  a  fmall  pump  worked  by  the  engine  or  by  any  other 
contrivance.  In  order  that  the  fluid  metal  or  metals  ufed  with 
the  piflon  may  not  be  oxidated,  I  always  keep  fome  oil  or 
other  fluid  fubftance  on  its  fur  face,  to  prevent  its  coming  in 
contact  with  the  atmofphere ;  and  to  prevent  the  necefiity  of 
employing  a  large  quantity  of  fluid  metal,  I  generally  make 
my  piflon  of  the  depth  of  the  column  required,  but  of  a  dia¬ 
meter  a  little  lefs  than  the  fleam  veflel  or  working  cylinder, 
excepting  where  the  packing  or  other  fitting  is  neceflary  to  be 
applied  ;  fo  that,  in  fact,  the  column  of  fluid  metal  forms  only  a 
thin  body  round  the  piflon.  In  fome  cafes  I  make  a  hollow 
metallic  piflon,  and  apply  an  altitude  of  fluid  metal  in  the 
infide  of  the  working  cylinder. 

“  It  may  be  neceflary,  however,  to  flate,  that  in  apply¬ 
ing  my  improved  method  of  keeping  the  fleam  veflel s  of  fleam- 
engines  at  any  required  temperature  to  the  engine  known  bv 
the  name  of  Savary’s,  in  any  of  its  improved  forms,  in  which 
a  feparate  condenfer  has  been  introduced,  I  fometimes  employ 
oil  (or  any  other  fubftance  lighter  than  water,  and  capable  of 
teing  kept  fluid  in  the  temperature  employed,  without  being 
converted  into  vapour,)  in  the  upper  part  of  the  tube  or  pipe 
attached  to  the  fleam  veflel ;  by  which  means  fleam  of  any 
temperature  may  be  ufed  without  being  expofed  to  the  rifle  of 
partial  condenlation  by  the  admiflion  ol  any  colder  body  into 
the  fleam  veflel ;  for  the  oil,  or  other  fubftance  employed  for 
this  purpofe,  foon  acquires  the  reqniflte  temperature  ;  and  to 
prevent  unneceflary  efcape  of  heat,  I  conftruft  of,  or  line 
with,  an  imperfect  condu6tor  of  heat,  that  part  of  the  tube  or 
pipe  attached  to  the  ftearn  veflel  which  may  not  be  heated  ex¬ 
teriorly.  And  fun  her,  (as  is  already  the  practice  in  tome  en¬ 
gines,  and  therefore  not  exclttfively  claimed  by  me,)  I  caufe 
the  water  raifed  by  the  engine  to  pals  off’  through  another  af- 
cending  tube  than  the  one  attached  to  the  fleam  veflel,  but 
conne£led  with  it  at  fome  part  lower  than  the  oil  or  other 
fubftance  employed  in  it  is  ever  fullered  to  defeend  to  in  the 
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working  of  the  engine.  The  improvement  which  I  have  juft 
mentioned,  of  introducing  oil  into  the  pipe  attached  to 
the  fleam  veffel  of  fuch  engines,  may  alfo  be  introduced 
without  applying  heat  externally  to  the  fleam  veflel ;  but  in 
this  cafe  part  ot  the  effect  which  would  otherwife  be  gained 
is  loft.” 


V. 

,  I 

»  '  ^  I 

On  the  M ague f tan  Earth  of  BaudijJero.  By  M.  Gioeert. 

(Concluded  from  Page  284.) 

The  earth  of  To  afeertain  the  proportions  of  thefe  conftituent  parts  of 
Baud, ilero  ana-  the  magnefian  earth,  we  lixiviated  a  given  weight  of  it,  and 

precipitated  the  fulphuric  acid  from  one  part  of  it  by  acetite 
of  barytes,  and  the  lime  from  the  other  part  by  oxalate  of 
ammonia. 

It  contains,  be-  ^  ke  weight  or  the  oxalafe  of  lime,  and  that  of  the  fulphate 
tides  magnefia,  0f  barytes,  obtained  from  it,  (hewed  us  that  it  contained  1,60 
u.p  ateo  >0f  the  fulphate  of  lime.  The  experiments  before  recited  de- 
— with  (Ilex,  termine  the  proportion  of  the  filex  contained. 

—and  carbonic  ^o  Prove  l^at  t}ie  carbonic  acid,  we  both  calcined  a  given 
»“*>  weight  of  the  earth  in  crucibles,  from  which  fyphons  pafled 

into  bottles  containing  lime  water ;  in  order  that  the  carbonic 
acid  gas  furnifhed  by  the  earth  might  be  precipitated,  and  alfo 
diffolved  confiderable  quantities  of  it  in  acids  by  the  a&ion  of 
heat,  and  received  tire  gas  produced  in  bottles  filled  in  like 
manner  with  lime  water;  the  firft  method  produced  conflantlv 
the  moil  The  carbonate  of  lime  formed  in  thefe  different 
experiments  apprized  us  that  100  parts  of  the  earth  contained 
from  8  to  12  of  carbonic  acid,  and  fometimes  a  little  lefs  in  the 
ftony  fpecies. 

—and  water.  If  this  weight  of  the  carbonic  acid  be  deduced  from  the 
lofs  of  weight  which  this  earth  fuffers  by  the  calcination  in  the 
fire,  which  was  mentioned  before,  we  (hall  then  have  the 
quantity  of  water  which  the  earth  contains.  In  colletting  the 
re  Cults  of  the  different  experiments,  it  appears  that  the  earth 
of  Baudiflero  is  compofed  of  * 

«  *  A  ,  ►  • 

»  \  1  »  \  Magnefia 
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Magnefia  - 
Carbonic  acid 
Silex 

Sulphate  of  lime  - 
W  ater 


68 

12 

15,60 

1,60 

3 


P  roportiona 

tabulated. 


100,20 

It  is  from  thefe  refults  that  I  denominate  this  earth  native  It  may  be  called 
magnefia.  It  is  doubtlels  found  mixed  with  a  little  filex;  but vvlt.^  PI0Pnety 
if  the  title  of  native  alumen  is  given  to  the  alumenous  earth  of 
Halle  in  Saxony,  which  contains  24  parts  of  (he  fulphate  of 
lime;  if  the  name  of  native  magnefia  is  given  to  that  of  Mo¬ 
ravia,  announced  by  Mitchael,  of  which  100  parts  contain  50 
of  carbonic  acid;  it  appears  to  me  that  the  earth  which  I  de- 
fcribe  has  a  much  better  title  to  the  name  which  I  have 
given  it. 

The  earth  of  Baudilfero  affords  a  fubje<5l  for  interefting  ob-  Suppofed  to  be 
fervations  in  the  inveftigation  of  its  origin.  Many  facts  lead  ^compofuiori^of 
me  to  believe  that  this  earth  and  the  Corneen  hone  or  Cacho-  the  Corneen 
long,  defcribed  and  analy fed  by  my  colleague  Bonvoifin,  are  °r  Cad»@- 
both  of  the  fame  nature.  It  appears  to  me  that  Cacholong  at 
a  certain  point  of  its  decompofition  forms  what  Bonvoifin  calls 
the  hydrophane  of  Piedmont,  and  that  in  its  complete  decom¬ 
pofition  it  forms  the  magnefian  earth  of  which  I  here  give  the 
analyfis.  Bonvoifin  has  declared  himfelf  of  an  opinion  pre- 
cifely  contrary  to  this ;  for  he  has  fuppofed  that  this  earth,  far 
from  being  the  product  of  the  decompofition  of  Cacholong, 
is  the  element  of  its  formation.  Our  colleague  Gioanetti  is  of 
the  fame  opinion.  In  thele  two  hypothefes,  the  change  of  n 

one  earth  into  another  is  manifefl,  that  is  to  fay,  the  change 
of  filex  and  ahunen  into  magnefia  in  my  method  of  confider-  And  therefore 
ing  the  matter ;  (for  it  is  principally  of  thefe  two  earths  that  lkat  eitheralu-  * 
Cacholong  and  Hydrophane  are  compofed,  from  the  analyfis  js  ckanged  into 
of  Bonvoifin ;)  and  the  change  of  magnefia  into  alumen  and  magnefia, 
lilex  according  to  the  hypothecs  of  Bonvoifin  and  Gioanetti.  the  con” 
As  this  fubjeft  appears  to  me  to  be  very  interefling,  I  intend 
to  make  a  comparative  analyfis  of  thefe  flones  at  the  differ¬ 
ent  degrees  of  their  decompofition  or  entering  into  the  fiate 
of  'Ugate  (agatijation)  which  fliall  be  the  fubjeft  of  another 
memoir. 


Vo l.  XII. — Supplement. 
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1  here  remains  yet  for  me  to  examine  the  economical  ufes 
for  which  this  earth  may  be  employed. 

The  experiment  which  I  related  in  the  beginning  of  this 
memoir,  of  the  decompofition  of  the  fulphate  of  iron  by  this 
earth,  which  produced  an  excellent  fulphate  of  magnefia,  in¬ 
dicates  one  of  the  methods  in  which  it  might  be  ufed  to  ad¬ 
vantage. 

Sulphate  of  mag-  Twenty-five  pounds  of  fulphate  of  iron  coft  only  three  Francs 
nefia  may  be  with  us,  while  the  price  of  the  fame  weight  of  fulphate  of 
from  it  to  ad-  magnefia  is  eight  francs,  from  this  it  follows  that  this  procefs 
vantage  by  the  may  be  followed  to  advantage.  To  this  may  be  added  that 

fulphate  of  iron,  fulphate  of  magnefia  of  commerce,  being  impure,  and 
deferibed  before,  mixed  with  much  fulphate  of  foda,  cannot  be  compared  to  that 
Slat'ot com- an  which  may  be  procured  in  this  manner,  which  equals  the  beft 
merce  in  general,  fait  from  *  *  canal;  fo  that  in  this  comparifon  the  more  pure 
fulphate  of  magnefia  thus  obtained,  may  be  valued  at  ten  francs 
at  leafi,  and  in  reality  is  worth  more. 

This  however  is  not  the  be  ft  method  to  purfue,  when  the 
operator  has  it  in  his  power  to  follow  the  others,  which  I  am 
going  to  recite. 

The  following  experiments  make  known  two  proceffes  much 
more  economical. 

In  the  firft  experiment  I  took  two  pounds  of  the  earth  of 
Baudiftero,  reduced  to  a  coarfe  powder,  with  the  fame  quan¬ 
tity  of  the  (ulphuret  of  iron  of  Brozo  reduced  to  powder  in 
like  manner,  I  mixed  them  together  carefully,  and  treated  one 
half  in  a  crucible  on  the  tire,  and  the  other  half  in  an  iron 
capfule. 

Or  by  pounding  In  both  the  mixture  heated  to  rednefs  emitted  fparks,  efpe- 

tfiefe  and  heat-  cJaIl y  on  being  ftirred.  It  feemed  to  become  reduced  to  a 
ing  to  rednefs  in  '  ,  r  A  r  ,  ...  .  , 

crucibles:  very  hne  powder;  a  (ort  of  boiling  took  f>iace,  produced 

•  doubtlefsly  by  the  difengagement  of  carbonic  acid,  and  here 

and  there  appeared  flames  of  fulpbur,  which  burned  without 
exhibiting  any  fign  of  the  produ&ion  of  a  fulphuret.  The 
fulphurous  odour  was  not  however  very  troublefome,  from 
whence  it  appeared  that  the  magnefia  abforbed  with  readinefs 
the  fulphuric  and  fulphurous  acids  in  proportion  as  they 
were  formed  by  combufiion.  The  mixture  became  of  a  black- 
ifh  grey,  or  more  properly  a  black  ;  but  which  appeared  grey 
from  the  w  hite  particles  which  Hill  remained  mixed  with  it. 

After 
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After  being  left  three  hours  to  cool,  it  was  moifiened  with  Leaving  to  digeft 
water  and  put  away  till  next  day,  a  part  of  it  was  then  lixivi-  Jj^ftenTdV-th 
atec!  ;  the  (elution  being  made  clear  and  treated  with  ammo- cold  water, 
nia,  gave  an  abundant  and  very  white  precipitate.  This  cif- 
cumftance  indicating  that  much  of  the  magnefia  was  combined 
with  fulphwic  acid  in  the  operation,  all  the  remainder  was 
lixiviated.  The  very  clear  lixivium,  evaporated  properly, 
produced  at  the  firtl  cryftalizalion  a  pound  of  fulphate  of  mag-  and  cryflalizing, 
nefia  in  beautiful  cryftals.  The  remaining  liquor  gave  on  fuc- 
ceflive  evaporations  a  pound  and  half  more  of  the  fame  fait 
in  fine  cryftals,  very  dry  and  very  white.  The  liquor  pro-  fine  cryftals  in 
duced  cryftals  to  the  laft  drop,  and  the  mother-water  never  j^ndaBCC  are 
became  foul.  ‘  The  mother- 

The  mixture  which  remained  after  lixiviation  was  roafted  wat^  ?vaP?~  ^ 
a  fecond  time,  and  again  produced  fulphate  of  magnefia :  It  gives  cryftals  to* 
was  then  thrown  away,  although  apparently  it  would  have  t^ie  iaft  dr0P* 
yielded  more  fulphate  of  magnefia  after  another  torrification.  rnafted  a^fin^nd 
In  another  experiment,  pure  firfphur  was  ufed  inftead  of  there-lixiviated 
pyrites;  it  was  eafy  to  forefee  that  the  refult  would  be  the  |^s  more  cr^' 
fame;  it  was  however  defirable  to  prove  it ;  and  the  refuli  Pure  fulphur 
was  perfectly  fatisfaciory.  theVd  °/ 

The  ufe  then  which  may  be  made  of  this  earth,  coiiftfts  in  iron  anfwers 
forming  with  it  fulphate  of  magnefia.  The  means  by  which  cclually  welk 

.  .  ,  .  f  n.  r  j  .  y  .  PrOcefs  for  f»I- 

this  may  be  done  are  perhaps  the  molt  fimple  pollible.  It  is  phate  0f  mag- 

fuflicient  to  reduce  to  powder  the  earth  and  the  fulphur,  or  nefia  >n  the  Iar£e 

the  fulphuret  of  iron,  where  it  can  be  eafiiy  procured,  as  may  nefian  eaith^d 

be  done  at  Baudiffero.  Thefe  fubfiances  fhould  be  mixed  in  pyrites,  fimilar 

almoft  equal  parts;  for  it  is  ufeful  to  proceed  with  an  excefs t0  ^  1:01  e§°infa 

of  the  earth,  and  the  more  fo,  as  its  coft  is  almoft  nothing: 

The  mixture  fhould  be  torrified  in  an  oven  or  kiln,  heated  to 

the  degree  at  which  fulphur  inflames,  and  when  there  appear  no 

more  jets  of  fulphurous  flames,  the  kiln  is  to  be  left  to  coo!0 

The  matter  being  then  drawn  out  fhould  be  moiftened  with 

water  in  citterns,  and  left  for  fome  days,  only  taking  care  to 

ftir  it  in  that  time. 

The  part  of  the  fulphur  which  in  burning  had  only  paffed  to 
the  ftate  of  fulphurous  acid,  oxigenates  gradually,  or  the  fait, 
which  at  fir IL  was  but  a  fulphite  changes  to  a  fulphate.  The 
matter  is  then  to  be  lixiviated,  in  the  fame  manner  that  is  ufed 
for  nitrous  earths,  the  liquor  fufliciently  evaporated,  and  left 
to  cr vitalize  by  cooling. 

Y  2 


Another 


324 


MAGNESIAN  KAR.TI1# 


Another  procefs  Another  method  maybe  lollowed  in  places  where  (ulpharets 
in  the  large  way,  ,  ,  .  _  ,  r  '  - 

where  pyrites  are  are  worked  ;  or  where,  as  at  Brozo,  there  is  a  manufacture  ot 

burned.  fulphate  of  iron.  The  kiln,  where  the  pyrites  arc  burned,  may 

be  coveredwi th  coverec^  with  an  heap  of  the  magnefian  earth  ;  the  fulphu- 

a  heap  of  mag-  ric  acid,  which  is  difengaged  will  be  abforbed  by  the  magne- 
nefian  earth.  {]a  .  anc|  j0  qie  advantage  of  putting  an  end  to  the  complaints 
ot  the  owners  of  property  near  the  manufacture,  will  be  added 
Which  when  that  of  fulphatin g  the  magnefia,  from  which  the  fait  may  after- 
acid  vapours,  wards  be  procured  by  hxiviation.  1  Ins  laic  proccls,  it  it  were 
may  be  lixivi-  introduced  into  the  manufactory  of  Brozo,  would  produce  the 
lulphate  of  magnefia  of  commerce  at  a  very  moderate  price. 
As  the  magnefian  earth  of  Bauditfero  forms  an  excellent 


ated. 


The  magnefian 
•firth  ufeful  for 
porcelain  and 
pottery, 


porcelain  with  filex,  it  prefents  befides  an  interefling  fubjeCI 
for  refearch  relative  to  the  fabrication  of  pottery.  With  this 
earth  and  a  quantity  of  the  argillaceous  earth  of  Caftellamonte 
and  mixed  with  fufticient  to  unite  it  into  a  pafte,  I  formed  fome  crucibles  and 

cib le s^ext r e md y  ca  p  fu  1  es .  Thefe  crucibles  were  expofed  for  4-8  hours  in  the 
bard.  furnace  of  the  glafs-houfe  of  Po.  The  earths  did  not  feem  to 

have  formed  a  fufficient  union ;  neverthelefs  the  hardnefs  of 
the  crucibles  was  fuch  that  they  could  not  be  affected  by  the 
file.  Doctor  Gioanetti,  who  is  now  engaged  in  manufacture 
of  ftone-ware  pottery,  will  hereafter  throw  light  on  this  fub- 
jeft. 

1  end  this  part  of  my  memoir  with  obferving  that  the  trials 
which  I  made  of  this  earth  as  an  abforbent  in  veterinary  medi¬ 
cine  lucceeded  perfectly  well. 


Additions  to  the  preceding  Memoir ,  by  the  fame . 

The  earth  of  .  Farther  refearches  which  I  made  on  argillaceous  earths  have 

Cartel) amonte  is  given  me  to  underfland  that  the  earth  of  Bauditfero  is  not  the 

familar  to  that  of  n 

Bawdirtero.  only  one  known  that  conlifts  for  the  moll  part  of  magnefia. 

The  fame  kind  is  alfo  found  at  Caftellamonle,  a  large  village 
near  that  of  Baudiffero. 

M.  Bertoline,  doctor  of  medicine,  one  of  the  mofl  eminent 
of  my  pupils,  having  repeated  the  detail  of  the  experiments 
w’hich  we  made  at  the  general  fchool  of  chemiftry,  invited  us 
to  etfay  a  particular  earth  of  Caftellamonte,  his  country,  which 
he  thought  would  furnifn  the  alumen  which  was  fought  for  un- 
fuccefsfully  in  the  earth  of  Bauditfero  ;  foon  after,  by  the  care 
of  M.  Onorato,  furgeon  of  Caltsilsujionte,  who  is  the  pro¬ 
prietor 
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prietor  of  the  land  where  this  earth  is  found,  I  received  a  large 
quantity  of  it,  and  we  examined  it  comparatively  with  that  ot 
Baudiffero. 

The  earth  of  CaftellamOnle,  which  was  brought  to  us  had  When  firft  dng 
nearly  the  fame  appearance  as  that  of  Baudiffero;  but  /w Ben  f^n^i^colour. 
it  is  firft  dug  up  from  the  ground,  it  has  on  the  other  hand  dif¬ 
ferent  external  appearances,  which  feem  to  depend  on  the  dif¬ 
ferent  degrees  of  decompofition  of  live  Corneen  ftone  or 
Cacholong,  which  is  found  at  Caftellamonte  as  well  as  at  Bau¬ 
differo. 

The  colour  of  this  earth  is  a  white  inclining  to  blueifli.  In 
a  mafs  this  earth  is  opaque;  but  when  fmall  fragments  of  it  of 
a  minute  thicknefs  are  examined,  they  have  a  fern  i-t  ran  fpa- 
rency. 

In  this  refpedt  it  has  a  ftrong  refemblance  to  horn;  it  is  very  Refembles  horn, 

foft,  and  may  be  cut  with  a  knife  like  hard  cheefe.  It  is  more  checfe^more^ 

unctuous  to  the  touch,  and  a  little  more  adhefive  to  the  tongue  unftuous,  and 

than  the  earth  of  Bauditfero.  -  adneres  moie  to 

the  tongue  than 

Treated  with  the  acids,  like  the  foft  fpectes  of  Baudiffero,  the  firft. 

it  becomes  diluted,  and  then  difiolves,  but  has  however  a  Boes  not  effer- 
,  .  .  -  i  i-rr  i  •  ii  vefce  with  acids* 

very  remarkable  difterence,  which  is  that  it  dillolves  in  all  tfte 

acids  without  the  leaft  effervefcence. 

It  alfo  does  not  yield  the  leaft  appearance  of  carbonic  acid 
on  expofing  it  to  the  fire  in  clofed  veifels  furnifhed  with  fy- 
phons,  which  communicate  with  lime  water. 

This  earth,  like  that  of  Baudiffero,  does  not  contain  the 
leaft  trace  of  alumine  or  of  oxide  of  iron. 

It  contains,  fimilarly  to  that  of  Baudiffero,  a  little  fulphafe  Confifts  of  ths 
of  lime  and  muriate  of  magnefia,  which  may  be  feparated  by  ^^ef“^ances 
lixi viation  in  water. 

The  remainder  confifts  entirely  of  magnefia  and  filex;  but  But  contains 
the  proportion  of  this  laft  is  greater  in  it  than  in  that  of  Bau-  morc  fllex* 
differo.  It  may  be  computed  at  from  10  to  20  hundredth 
parts. 

When  this  earth  is  kept  in  contaft  with  the  air  its  external  Changes  its  ap- 

,  ~  .  pearance  on  cx- 

charaaers  change.  _  pofure  to  the 

Its  colour  becomes  by  degrees  a  dull  white,  the  fame  as  has  air, 
been  remarked  of  the  earth  of  Baudiffero.  t0  a  w*1,t:c » 

Its  femi-lranfparence  is  loft;  its  particles  feparate,  and  in  Lofes  its  femi- 

two  or  three  weeks  it  is  found  to  have  abforbed  carbonic  acid  tranfparence, 

'  .  .  I  ,T  r  .  ,  and  ablorbs  car¬ 

ta  that  degree  as  to  make  as  marked  an  eftervelcence  with  the  bonic  acid.  To  as 

acid  t0  effervefe  with 
acids,  and  be- 


\ 
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Earth  of  Bau- 
diflcto  has  not 


comes  like  the  acid  as  the  eaith  of  Baudifiero.  In  a  word,  it  is  comnletefy’ 
fero,  with  the  *a^e  as  this  hfi,  with  this  foie  difference,  that  phyfically 

i mall  difference  confidered  it  is  lefs  compact,  and  becomes  even  friable,  and 
chemically  confidered  it  contains  a  little  more  filex. 

It  appears  then  to  be  well  proved  that  the  earth  of  Bau- 

dilTero  and  that  of  Cafiellamonte  are  each  a  true  native  mag- 

nefia,  mixed  with  a  little  filex.  In  the  earth  of  Caftellamonte 

it  is  fufficienlly  demonfirated  that  it  contains  no  carbonic  acid 

when  in  the  bofom  of  the  earth;  and  that  it  only  contains  it 

when,  after  a  long  expofure  to  contact  with  the  air,  it  can 

abforb  it  from  the  atmofphere.  That  of  Baudifiero  contains 

in  truth  carbonic  acid,  but  the  quantity  is  much  inferior  to  that 

which  it  ought  necefi’arily  to  contain  to  be  confidered  a  carbo- 

be  carbonate  of  magnefia  ;  bolides  the  earth  of  Baudifiero  having  been 

magndia.  worked  for  a  long  tirhe,  and  being  thus  in  contact  with  iheatr, 

it  is  from  the  atmofphere  it  mufi  have  drawn  it,  and  that  in 

If  dug  from  a  proportion  to  the  time  it  has  been  expofed  ;  at  leaf!  I  have  no 

ftlfficient  depih  doubt  that  if  the  earth  of  Baudifiero  was  dug  up  from  a  cer- 
would  probably  .  .  ,  .  ,  f  ... 

contain  no  car-  *a,n  depfh,  no  carbonic  acid  would  be  found  in  it. 

bonic  ackh  I  vvill  conclude  this  addition  to  the  memoir,  by  obferving 

lette  probably"  ibat  the  earth  of  Mufi  net  at  Cafelette,  being  produced  by  the 

magnefian  alio,  decompofition  of  the  fame  Corneen  done  or  Cacholong,  ought 

alfo  probably  to  be  a  magnefian  earth  ;  but  I  have  not  yet 

made  any  experiments  on  this  earth;  Docfor  Bonvoiiin,  who 

has  given  the  analylis  of  it  in  its  fiate  of  Cacholong  and  Hy- 

Thc  author  pro  -  drophane  fione,  propofes  in  conjunction  with  me  to  repeat  the 

pofes  to  analyfe  analyfis  of  this  fione,  in  the  true  fiate  above-mentioned,  and 

in  its  earthy  fiate ;  which  (hall  be  the  fubjeG  of  a  particular 


Cacholong  and 
Hydrophane, 
and  write  a  me¬ 
moir  of  the  re¬ 
fill  t. 


memoir. 


* 


*  The  laft  ufe  which  Mr.  Giobert  mentions  for  magnefian  earth 
is  df  the  moll  confecpience  of  the  two,  for  as  fulphate  of  mngnetia 
is  only  ufed  in  medicine,  the  title  could  not  be  fufiiciently  extenfive 
to  produce  much  profit  on  a  large  feale. 

The  ufe  of  this  earth  for  pottery  is  tl>e  more  deferving  ef  notice, 
as  it  has  hitherto  been  fuppofed  that  argil  was  alone  proper  for  this  ' 
purpofe;  and  though  it  was  long  known  that  magnefia  is  of  a  very 
rcfra&ory  nature  in  the  fire,  Mr.  Giobert  feems  to  be  the  firlt  who 
thought  of  ufing  it  in  crucibles;  which  is  the  more  extraordinary, 
as  the  lapis  ollaris,  which  derives  its  name  from  its  property  of  lerv- 
ing  to  make  utenfils  to  bear  the  fire,  is  well  known  to  contain  a 
large  proportion  of  magnefia. 
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VI. 

\ 

Firjl  Communication  on  an  artificial  Tan  prepared  fron  Coal, 
cliared  Wood,  ref  nous  Suhftqnces,  <y  c.  Abridged  from  the 
Origiftul  of  Charles  Hatchett,  Efq.F.R.S 

IVIr.  HATCHETT  firft  notices,  that  the  natural  tannin  Firft  difcovery 
was  firft  exlra&ed  from  the  matters  which  contain  it,  by  j^Seguin and 
Mr.  Deyeux,  who  confidered  it  as  a  fpecies  of  refin  ;  that  Deyeux. 

Mr.  Seguin  firft  dilcovered  it  to  be  the  fubftance  which 

in  the  procefs  of  tanning  renders  animal  fkins  infoluble  in 

water,  and  imputrefcible ;  but  that  Mr.  Chenevix  alone  had 

noticed  the  effect  of  heat  in  giving  coffee  berries  the  power 

in  deception  of  precipitating  gelaten.  He  then  ftates,  that  Refult  of  ex- 

his  experiments  on  lac,  and  fome  of  the  refins  having  fliewed  l*acf 

him  the  powerful  action  of  nitric  acid  on  fuch  lubftances,  in- induced  others 

duced  him  to  try  its  effect  on  afphaltum  and  jet;  thefe  with  a^jet^wito 

it  formed  a  dark  brown  folution,  and  a  precipitate,  which  by  nitric  acid. 

digeftion  in  another  portion  of  the  acid  became  diffolved, 

and  on  evaporation  produced  a  yellow  vifeid  tubftance  foluble 

in  water  and  alcohol,  and  perfectly  fimilar  to  that  obtained 

by  fimilar  means  from  the  refins,  excepting  that  when  burned 

it  had  the  colour  of  the  fat  oils.  This  refult  led  to  the  fuppofi- 

tion,  that  the  dark  brown  folution  was  of  the  carbonaceous 

As  native  mngnefian  earth  would  doubtlefs  be  of  great  ufe  to  the 
potteries  of  this  country,  it  is  a  pleafing  confideration,  that  it  is 
extremely  probable  it  may  be  found  in  England,  as  well  as  on  the 
Continent;  for  not  only  fteatites  and  other  magnefian  flones  have 
already  been  difeovered  here,  but  that  fait,  which  it  is  M.  Gioberts 
principal  objeCt  to  manufacture,  is  the  natural  produce  of  this 
country,  and  therefore  the  neighbourhood  of  Epfom,  which  gives 
it  its  name,  may  well  be  fufpeCted  of  containing  beds  of  an  jearth 
fimilar  to  that  of  Baudiffero. 

There  is  alfo  fome  reafon  to  fuppofe,  that  this  earth  may  be  one 
of  thofe  ingredients  in  china-ware,  which  the  Chinefe  endeavour 
to  keep  fecret;  indeed  it  is  hardly  probable  they  fhould  be  ignorant 
of  its  ufe,  in  a  country,  where  the  fineft'  earthern-ware  has  been 
manufactured  in  the  greateft  perfection,  from  periods  antecedent 
to  the  dates  of  the  authenticated  hiftory  of  Europe,  and  where  of 
courle  experiments  relative  to  the  compofition  of  this  article,  muff 
fiave  been  varied  to  the  greateft  extent. — B* 

*  PhiJof.  Tranf.  1805. 
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Pit-coal  treated 
in  the  fame. 

manner. 


matter,  and  tnat  the  yellow  precipitate  was  the  efiential  part 
of  the  bitumens,  which  was  confirmed  by  refults  from  amber  ; 
feveral  experiments  were  tried  with  various  forts  of  pit-coal, 
horn  all  which  the  brown  folution  was  obtained  in  abundance, 
but  thofe  which  contained  little  or  no  bitumen  did  not  yield 
the  yellow  precipitate. 


Procefs  with  the  Coal. 

100  grains  of  coal,  in  each  experiment,  were  digefied  in 
an  open  matrafs  in  a  fand  heat,  with  an  ounce  of  nitric  acid 
(of  the  fp.  gravity  of  1.40)  diluted  w  ith  two  ounces  of  water, 
which  when  warm  produced  effervefcence,  and  discharged 
much  gas ;  after  two  clays,  a  fecond,  and  fometimes  a  third 
ounce  of  the  acid  was  added,  and  the  digefiion  continued  for 
five  or  fix  days,  when  nearly  the  whole  was  difiblved,  except 
the  precipitate  which  was  conftantly  feparated. 

*nd  charcoal*  Charcoal  was  next  tried,  which  difiblved  more  readily  than 
the  pit  coal,  and  left  no  refiduum. 

The  feveral  folutions  from  afphaltum,  jet,  pit  coal,  and 
charcoal,  were  evaporated  to  drynefs  gradually  to  prevent 
burning  the  refidue,  which  from  all  were  of  a  glofiy  browrn 
fubfiance,  of  a  rehnous  frabture,  and  had  the  following 
properties. 

Properties  of  the  ] .  They  were  fpeedily  difiblved  by  cold  water,  or  alcohol, 
folutions.  2*  l  heir  flavour  was  altringenf. 

3.  Expofed  to  heat,  they  Iwelled  much,  and  gave  a  bulky 
coal. 

4.  Their  folutions  in  water  reddened  litmus  paper. 

5.  And  gave  copioufly  precipitates  from  muriate  of  tin, 
acetite  of  lead,  oxy-fulphate  of  iron,  of  a  brown  colour, 
except  the  tin,  w'hich  was  dark  grey. 

6.  They  precipated  gold  in  the  metallic  fiate  from  its 
folution. 

7.  They  a!fo  precipitated  the  nitrates  o'f  lime,  and  of 
barytes,  and  other  earthy  falts. 

8.  The  fixed  alkalis,  and  ammonia  added  at  firft,  deepened 
their  colour,  and  afterwards  made  them  turbid. 

9.  They  cau fed  precipitates  from  glue  or  ifinglafs  folutions 
in  water,  more  or  Iefs  brown  according  to  their  firenglh, 
which  were  foluble  in  cold  and  boiling  water,  fo  that  in  their 

efTential 
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elicntial  properties  they  proved  fimilar  to  thofe  formed  by  the 
varieties  of  tannin  hitherto  known,  except  that  they  contained 
no  gallic  acid  or  mucilage. 

Animal  coal  from  ifmglafs  was  alfo  tried  in  the  fame  manner,  Refiduumof 
this  diffolved  very  flowly,  but  left  a  little  of  the  coal  un-  an' the  fame 
changed,  its  foluticn  was  of  a  deeper  colour,  and  managed  as  qualities,  nearly, 
the  others  deferibed,  produced  fimilar  effects  with  the  re¬ 
agents,  except  fome  difference  in  the  colour  of  the  precipi¬ 
tates ;  and  alfo  gave  an  infoluble  precipitate  from  the  folu- 
tion  of  ifinglals;  by  which  the  curious  fa<5t  is  proved,  that 
one  portion  of  the  lkin  of  an  animal  may  be  made  to  convert 
another  into  leather. 

* 

Coak  gave  a  fohition  refembling  that  of  pit  coal,  but  did  and  of  coak  alfo, 
not  produce  the  fame  yellow  precipitate. 

Thefe  experiments  ffievv,  that  the  tannine  fubfiance  is  beff  ranningfub- 
,  c  ,  ...  ,  .  .  ftance  beft  pro- 

procurecl  rrom  carbonaceous  matter  when  it  is  uncombmed  cured  from  car- 

with  any  fubffan.ee  but  oxigen;  which  was  confirmed  by  kon,  uncombined 
experiments  on  Bovey  coal,  Suffex  coal,  Surturband  from  but  oid/enT 
Iceland,  and  deal  faw-duff,  which  bei  ng  d  iffolved  in  nitric 
acid,  and  evaporated,  the  refidues  diffolved  in  water,  neither 
precipitated  gelaten,  or  fliewed  any  other  figns  of  tanning 
matter;  but  when  the  fame  materials  are  charred,  and 
treated  as  before  deferibed,  they  copioufly  produced  the 
artificial  tan  ;  as  did  alfo  teak  wood,  which  Mr.  Hatchett  had 
proved  to  contain  neither  tannin  or  gallic  acid  in  its  un¬ 
charred  ffate.  * 

Mr.  Hatchett  had  made  feveral  experiments  on  the  flow  Carbonization  of 
carbonization  of  vegetable  matters  in  the  humid  way,  princi-  by^fu^phuiTc1181 
pally  by  fulpburic  acid,  occafionally  diluted.  Concentrated  acid, 
fulphuric  acid  poured  on  any  refinous  fubffance  reduced  to 
powder,  diffolves  it  in  a  few  minutes;  the  folution  is  trans¬ 
parent,  of  a  yellow  brown  colour,  and  a  vifeid  oil-like  con- 
fiftence,  but  after  being  placed  on  the  fancl  bath,  grows  darker, 
evolves  fulphuric  acid  gas,  and  at  laff  becomes  a  thick  liquid 
of  an  intenfe  black. 

Sulphuric  acid  of  the  above  ffrengtli  poured  on  common  Effe£ts  of  fo!u- 
turpentine  diffolves  it  readily,  if  a  portion  of  the  folution  is  !-on  -°^  *urPen*; 

*  J  *  1  tme  in  lulphuric 

then  dropped  into  cold  water,  a  precipitate  of  common  yellow  acid  dropped  into 

refin  is  formed  ;  it  after  another  hour  or  two,  another  portion  v”iCel* 

is  treated  in  the  fame  way,  the  refill  produced  is  of  a  dark 

brown,  and  that  thus  formed  from  a  folution  that  has  flood 

five 
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Froclu&s  of  this 
operation  d  i i - 
folved  in  nitric 
acid. . 


Their  rel'dues 
after  evapora  • 
tion  are  tried 
with  geiaten, 

£fte&sproduced. 


Tan  formed  by 
alcohol. 


t 

Suppofition  re¬ 
lative  to  tan 
from  peat. 


^ivc  or  fix  hours,  is  completely  black.  WMetf  the  digefiion  ii 
continued  lor  feveral  days,  until  no  more  gas  is  given  out, 
•  he  refin  will  be  converted  into  a  black  porous  co.d,  which 
does  not  contain  any  refin,  it  the  experiment  has  been  prb- 
pei ly  conduced-.  This  coa!  was  about  43  per  cent  of  the 
11  fin  tiled,  and  after  being  expofed  in  a  platina  crucible  loofely 
covered  to  a  red  heat,  fiill  amounted  to  ‘SO  per  cent ,  and  by 
tiie  flownefs  of  its  combufiion,  and  other  circumfiances,  ap¬ 
proached  nearly  the  character  of  fume  mineral  coals. 

A  portion  or  the  coal,  the  black  refin,  brown  refin,  and 
yellow  refin  obtained  from  the  turpentine  deferibed,  and  alfo 
fome  of  the  turpentine  itfelf,  were  each  difiolved  in  nitric 
a<.  id,  and  reduced  to  drynefs;  the  refidua,  which  varied  in 
c  olour  from  yellow  to  dark  brown,  according  to  the  fubfiance 
employed,  were  difiolved  in  water,  and  examined  with 
iiingiafs  and  other  reagents. 

the  folution  from  the  turpentine  refiduum,  that  of  the 
yellow  reiin,  and'  the  brown  refin,  did  not  precipitate 
geiaten. 

That  from  tne  black  refin  yielded  a  confi  derail! e  portion  of 
the  tanning  fubfiance,  and  that  from  (he  coal  afforded  it  in 
great  abundance.  Hence  it  appears,  that  thefe  fubfiance* 
yielded  artificial  tan  only  in  proportion  to  their  converfion 
into  carbon. 

Various  kinds  of  wood,  copal,  amber  and  wax,  reduced 
to  coal  by  fulphuric  acid,  yielded  iimilar  products  on  being 
treated  with  nitric  acid. 

Mr.  Hatchett  formed  the  artificial  tan  from  the  refins,  and 
gum  refins  (fuch  as  common  retin,  elemi,  affafoetida,  &c.) 
when  reduced  to  the  fiate  of  coal  from  long  digefiion  with 
fulphuric  acid,  by  means  of  alcohol,  without  ufing  any  nitric 
acid  :  In  the  carbonized  fiate  mentioned,  they  are  digefied 
in  the  alcohol,  a  portion  is  difiolved,  a  dark  brown  folution 
is  formed,  which  by  evaporation  yields  a  mafs  foluble  in 
water  as  well  as  in  alcohol,  and  which  precipitates  geiaten, 
acetite  of  lead,  and  muriate  of  tin,  but  produces  only  a  flight 
effcdl  on  oxy-tulphate  of  iron. 

]  lie  author  fuppofes,  that  the  tanning  matter  known  to  be 
evolved  by  peat  in  certain  place's,  is  efFectcd  by  a  procefs  in 
fome  refpe<5ls  fimilar  to  the  above,  fince  if  it  wras  produced  by 
its  mere  digefiion  in  water,  all  peat  would  afford  it,  which  is 

contrary  to  experience, 

Mr, 
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Mr.  Hatchett  put  his  difcovery  to  the  teft  of  real  practice,  Leather  made 
having  actually  converted  Jkitis  into  leather  by  the  artificial  tan  ^n>the  artlfic*^ 
proc  ured  delcribed,  but  observes ,  that  the  produdfion  of 
this  fubftance,  for  the  prefent,  muft  be  confidered  only  a 
curious  chemical  fa«ft,  not  altogether  unimportant,  and  not 
capable  of  economical  application,  though  he  hopes,  that  H°Pe  of  its 
hereafter  a  procefs  may  be  difcovered  for  preparing  this  da^ion!^  Pr°" 
fpecies  of  tan  (ufficiently  cheap  to  enable  tanners  to  ufe  it 
in  their  bufinefs. 

There  is  reafon  to  fnppofe,  that  it  would  be  fuperior  to  Reafon  for 
common  tan  for  this  purpofe,  as  it  appears  from  experiments  t!lin^,nS  lC 

,  .  tt  ,  ,  r  ,  luPerior  to  com 

rnenhoned  in  Mr.  Hatchett  s  lecond  paper  on  the  fame  lubjea  mon  tan. 
(which  will  be  given  in  the  ne.*.t  number)  that  “  foliations  of 
the  artificial  tanning  fub  dance  feem  to  be  completely  impu- 
trefcible,  neither  do  they  ever  become  mouldy  like  the  infu- 
fioni>  of  galls,  fumach,  catechu, 


vrr. 

Memoir  on  the  Difcovery  of  a  Factitious  Fuzzolana,  prefent ed 
to  the  French  National  lnfiitnte,  by  M.  Dodcn,  Engineer  in 
Chief  of  Bridges  and  Highways  in  France  f . 

T„e  depot! ted  dud  of  ancient  volcanic  fubftances,  has  been  Factious  puz 
long  u fed  in  Flanders,  and  the  adjacent  countries,  as  a  fub-|.°^^r 
dilute  for  the  Italian  puzzolana,  under  the  name  of  traftj  or 
afhes  of  Tournai. 

M.  Faujas  has  proved  by  decifive  experiments,  made  by  that  of  Faujas. 
order  of  government,  that  certain  lutulent  eruptions  of 
ancient  volcanoes  at  Vivarais,  had  the  fame  qualities  as  the 

*  The  peculiar  tanning  property  of  the  water  of  certain  peat 
begs  and  moralfes,  *may  be  otherwife  accounted  for,  than  by  Mr. 

Hatchett’s  fup.pofition,  by  the  faft,  that  peat  is  not  uniformly  the 
production  of  the  fame  vegetable  fubftances  :  wherever  heath, 
tormentil,  and  perhaps  fome  other  plants,  are  found  in  abundance, 
the  peat  water  will  have  this  quality  5  in  the  cafe  of  heath,  at  lead, 
it  cannot  he  doubted ;  and  perhaps  the  peat  whrch  does  not  yield 
tan  may  owe  this  deficiency  to  the  total  abfened  of  vegetables  of 
this  fpecies. — B. 

f  Journal  de  PhyjFue,  Tom.  61. 
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that  of  M. 
Bagge. 


M.  Dodun  dif- 
covered  his  by 
ch»nce. 


Saw  great  beds 
of  terrigunous 
oxides  at  Caflel- 
naudery. 

Obferved  burnt 
fragments  in  the 
fields  like  corn- 
pad  lava. 


whi«h  fimilarity 
made  him  think 
them  fit  for 
puzzolana. 


Convinced  by 
longexperiments 
of  its  fuperiority 
to  the  Italian. 

Propofed  for  ufe 
in  the  public 

works. 


puzzolana  of  Italy,  and  might  be  ufed  inftead  of  it.  M.  Bagge, 
a  Swede,  is  alfo  known  to  have  compofed  an  artificial  puzzo¬ 
lana  cement,  with  a  black,  hard,  and  (latey  fchift  ;  but  until 
17S7,  no  one  ever  thought  that  the  territory  of  France  con¬ 
tained  in  abundance  lion-volcanic  fubftances  capable  of  taking 
place  of  the  Italian  puzzolana  with  economy  and  advantage. 

The  difeovery  which  I  here  prefent  has,  like  many  others 
of  great  utility,  been  the  effe<5t  of  chance. 

1  he  habit  of  examining  the  nature  of  done  in  its  bed,  which 
enables  the  obferver  to  judge  of  its  qua'ities  at  firfi:  fight,  fixed 
my  attention  on  an  immenfe  quantity  of  calciform  fragments 
ot  iron  ore,  in  beds  of  from  eight  to  ten  feet  thicknefs, 
following  exa6tly  the  parallel*, f/n  of  the  (lightly  inclined  de¬ 
clivities,  in  the  neighbourhood  of  Caftlenaudery.  I  per¬ 
ceived  in  the  adjacent  fields  many  fubftances  of  the  fame 
nature  fcattered  oyer  the  fur  face  of  the  earth,  of  violet, 
brown,  and  black  colours,  which  from  their  appearance,  had 
a  perfett  refemblance  to  compact  lava,  which  feemed  ex¬ 
traordinary  in  a  country  where  there  was  no  appearance  of 
ancient  craters,  or  of  volcanic  eruptions.  Thefe  I  toon  found 
out  had  been  brought  to  this  (late  by  ferving  as  hearths,  or 
enclofures  to  the  fires  kindled  in  the  fields  by  the  peafants, 
either  for  agricultural  purpofes,  or  perfonal  convenience  when 
they  watch  their  (locks  in  winter;  as  I  faw  foon  after  many 
fimilar  arranged  by  hand  on  one  another  for  thefe  purpofes. 

The  fi  milarity  of  thefe  fragments  to  volcanic  products 
excited  my  defire  to  form  a  cement  from  them,  by  treating 
them  in  the  fame  manner  as  puzzolana  earth.  The  great 
quantity  of  iron  which  thefe  oxides  feemed  to  me  to  contain, 
the  abundance  of  their  filiceous  particles,  and  the  alumen 
which  evidently  entered  into  their  compolilion,  their  great 
weight,  and  their  non-effervefcence  with  acids,  altogether 
made  me  prefume,  that  the  cement  formed  from  them  would 
bind  under  water,  and  my  expe&ation  wras  not  deceived. 

Fifteen  months  fucceflive  experiments,  lo  difeover  the 
proportion  of  lime  which  this  oxide  would  abforb  to  harden 
in  water,  without  cracking  w  hen  in  the  air,  have  convinced 
me,  that  my  faftiljous  puzaolona  had  all  the  good  properties 
ot  that  of  Italy,  without  its  faults.  At  this  time  I  determin¬ 
ed  to  propofe  its  ufe  in  the  public  works,  and  demanded  that 
comparative  experiments  (hould  be  made  between  it  and 

the 
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tfie  Italian  puzzolana,  in  prelence  of  the  CommifTaries  of  the  and  tried  cem- 
Province  of  Languedoc,  and  of  the  Directors  ot  the  canal  the  Commi^aries 
which  joins  the  two  leas.  Great  blocks  of  Beton  compofi-  of  Languedoc, 
tion  made  with  both  cements,  were  thrown  into  the  refervoirs  near 
adjacent  to  the  lock  of  Saint  Roch,  at  Caftelmandery,  being  St.  Roch. 
firft  plaiftered  over  with  the  refpeCtive  compofitions 

Six  months  after,  the  water  was  drawn  off  from  the  bodies  ^ts  Superiority 
of  mafonry,  and  it  was  then  feen  that  the  factitious  puzza-  fort< 

Iona  had  acquired  a  folidity  at  lead  equal  to  that  of  Italy. 

The  plainer  made  with  the  Italian  puzzalona  was  cracked 
and  chapped,  but  that  formed  from  the  factitious  kind  had 
entirely  preferved  the  unity  of  its  furface. 

The  hates  of  Etats  of  Languedoc  altogether  convinced  of  Teflimony  in  its 

.  ,  ••  r  i.  c  iL  favour  from  the 

the  authenticity  of  this  difeovery,  by  the  reiults  or  the  com-  ftates  of  Laa* 

parative  trials  of  both  kinds  of  cement  which  they  had  feen,  guedoc, 

and  by  the  certificates  of  their  commilfaries,  and  perluaded 

of  the  great  advantage  it  would  be  to  trance,  decreed  in 

1789,  in  their  lah  meeting,  that  the  factitious  puzzolana 

fhould  not  only  be  ufed  inhead  of  the  Italian  in  the  works 

under  their  direction  ;  but  moreover,  that  it  fhould  be 

demanded  in  favour  of  the  author  of  it,  as  a  tehimony  of 

public  gratitude,  that  government  fhould  authorize  the  free 

circulation  of  it  every  where. 

The  great  confumption  of  this  factitious  puzzolana  obliged  ^|f^aenworfcs 
me  to  extend  its  manufacture,  I  formed  a  partnerfhip  with 
the  proprietor  of  the  ground.  The  foundation  of  an  eftablifh- 
ment  on  a  great  fcale  was  laid  at  the  mountain  itfelf  where 
the  materials  were  found.  The  works  carried  on  in  its 
vicinity  were  likely  to  farther  reduce  the  coh  of  the  article, 
which  was  already  one  half  lefs  than  that  of  Italy,  and 
the  public  were  about  to  enjoy  the  advantages  of  this  manu¬ 
facture,  when  the  revolution  paralyfed  every  thing.  Stopped  by  the 

In  1791  I  informed  the  conftituent  affembly  of  this  dif-  The^dffc^vcry 
covery ;  the  certificates  which  proved  it,  and  the  refults  of  declared  to  the 
the  experiments  were  depofited  at  the  office;  the  matter  was  ^°^]ituent  af* 
ordered  to  be  examined  by  M.  M.  Pelletier  and  Berthollet, 
and  the  affembly  confidering,  that  this  factitious  puzzolana 
might  be  of  the  greateft  ule  to  France,  decreed  that  2000  ^4P™warded.  4 
francs  fhould  be  granted  to  its  author,  which  was  paid  ac¬ 
cordingly. 

On 
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On  this  occa/ion  the  celebrated  Mirabeaa  declared  the 
difcovery  to  be  fo  valuable,  *f  that  if  it  had  not  yet  been  made , 
public  encouragement  Jhould  be  held  out  to  excite  it.,} 


The  trembles  of 
France  retards 
the  manufacture 
of  it. 


Examination  of 
different  fchiffs. 


Contain  too  little 
iron  for  puzzo- 
lana. 


Tlie  Confiitueut  Aftembly  wilhed  to  have  numerous  fimilar 
eftabhfiiments  let  on  foot  in  France,  fo  well  were  they  con¬ 
vinced  o(  its  national  importance;  but  the  misfortunes  of  the 
times  prevented  (he  execution  of  a  project,  which  the  grand 
Chief  of  the  empire  may  eafily  realize,  to  (he  advantage  of 
the  country,  whenever  it  teems  good  to  him  to  do  fo. 

Kefearches  on  the  amelioration  of  our  cements,  and  parti¬ 
cularly  on  the  nature  of  the  materials  proper  to  form  artificial 
puzzolana,  led  me  to  try  (he  calcination  of  various  fchifts, 
ol  the  bitumenous,  ferruginous,  and  argillaceous  forts. 

I  lie  black  fiatey  fehift  of  JVj.  Bragge,  fo  common  in  France, 
was  not  forgotten  :  It  is  almofi:  the  fame  as  that  which  the 
eluer  M,  Grathieu  efiayed  at  Cherbourg  lad  rear ;  but  I  have 
confiantly  found  that  thefe  fchiffs  always  contain  too  little 
iron.  I  perceived  that  their  repullion  of  the  water  was  flow 
and  feeble,  and  that  their  fol  id  ideation  in  the  water  was  owing 
to  the  good  quality  of  the  lime. 


Puzzolanas  owe 
their  qualities  to 
the  iron  con¬ 
tained. 


Theory  of  ce¬ 
ments  little  ad¬ 
vanced. 


Two  different 
preparations  of 

the  puzzolana* 


I  was  thus  obliged  to  recur  to  my  quartzofe  oxides  of  iron, 
from  their  containing  a  greater  quantity  of  ferruginous  prin¬ 
ciples ;  and  can  aver  with  the  fkilful  Faujas,  that  the  puzzo¬ 
lanas  owe  their  property  ot  hardening  in  water  folely  to  the 
ferruginous  particles  which  they  contain:  of  this  I  have  had 
many  proofs.  I  his  truth  is  farther  demonfirated  in  the  pud- 
d  mg- ft  ones,  the  brefeias,  and  generally  in  all  the  amygdaloides 
with  a  ferruginous  bafe  or  cement. 

The  theory  of  our  cements  is  but  Jit  tie  advanced  ;  perhaps 
we  take  dm  pie  conjeCkires  for  proofs  relative  to  them.  We 
eliciff  the  regeneration  ot  f) lex,  and  of  the  carbonate  of  lime^ 
we  know  the  acid  gafes  which  perform  the  principal  part  in 
the  afFau  .  but  in  this  important  work  we  have  been  long  ig¬ 
norant  of  tire  degrees  of  their  reciprocal  affinity,  their  quan¬ 
tify,  and  the  mode  of  their  refpedtive  combinations.  Our 
knowledge  on  this  matter  is  confined  to  a  few  facts. 

^Iany  experiments  have  proved  to  me  that  the  puzzolana, 
which  fooneff  forms  a  body  in  the  water,  is  not  fit  to  be  em¬ 
ployed  in  the  open  air,  where  it  cracks  and  chaps  in  all  di¬ 
rections.  And  that  which  is  proper  for  the  air,  and  which  ac¬ 
quires 
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quires  and  preferves  its  tenacity  in  it,  fets  but  imperfedly  in 
water.  This  difficulty,  of  which  the  Inditute  will  perceive 
the  caufe,  has  obliged  me  to  keep  two  forts  of  the  factitious 
puzzolana ;  on  the  reciprocal  ufe  of  which  a  memoir  of  in- 
firuction  will  accompany  the  fale.  The  two  forts  may  be 
diflinguiffied  by  their  colour* 

The  factitious  puzzolana  proper  for  works  under  water,  is  One  fit  far 
of  a  reddiffi-brown.  That  which  is  fit  for  works  expofed  to  watci"w01k3» 
the  air,  is  a  dark  violet.  The  latter  is  ufed  for  terraces,  the  A”other  for  ex¬ 
embankments  of  bafons,  for  the  compofition  of  inclofures,  or  ang  pr0per  for  ’ 
fur  light  roofs.  Bridges  of  a  fingle  arch  may  be  formed  with  terraces,  roofs, 
it ;  and  I  have  feen  it  adhere  fo  ftrongly  to  glazed  tiles,  that and  arcll'-s* 
it  was  neeellary  to  break  the  tiles  to  detach  it. 

The  puzzolana  proper  for  condru&ions  beneath  the  water,  Water  puzzoh- 
forms  the  mod  folid  body  in  it.  Three  months  after  immer- 
Con  it  is  an  actual  done  capable  of  receiving  a  polifli .  The  lifh. 
lime  in  it  is  always  regenerated  into  carbonate  of  lime  in  ten 
weeks. 

When  it  may  be  thought  by  any  one  that  he  has  been  de-  Nullity  of  effect 
ceived  as  to  the  certainty  of  thefe  effects,  it  will  alwrays  be  miftltea  ot^the 
found,  that  he  either  has  not  obferved  the  quantities  directed  operator, 
of  the  puzzolana  and  the  lime,  or  that  he  has  ufed  the  reverfe 
of  that  kind  of  the  cement  proper  for  the  work. 

I  commonly  ufed  lime  in  the  date  of  impalpable  powder,  Lime  ufed  in 
flacked  in  Lafaye’s  manner,  for  works  expofed  to  the  air;  p'JiVder  K» 
and  employed  lime  in  the  date  of  putty,  for  works  which  were  and  ‘in  putty, 
to  be  covered  with  water.  Sometime?  I  ufed  lime  in  powder 
for  the  fame  work.  This  difference  depends  on  the  degree  of 
goodnefs  of  the  lime,  on  its  greater  or  leffer  richnefs,  or  its 
proportional  poverty.  Cudom  gives  the  advantage  of  know¬ 
ing  the  different  kinds  on  mere  infpeCtion. 

The  ufe  of  lime  in  powder  appeared  to  me  to  merit  a  pre¬ 
ference  in  the  preparation  of  mortars  or  cements.  I  prepared 
rny  factitious  puzzolana  in  a  certain  quantity  as  foon  as  I  knew 
the  proper  proportion  of  the  lime  ;  and  I  had  thus  the  ad-  Advantages  of 
vantage  of  being  able  to  work  it  in  troughs  in  the  fame  man-  ter^als^ready1^3" 
ner  as  fulphate  of  lime.  The  whole  was  well  mixed  together  mixed, 
and  put  into  facks ;  by  which  means  the  mafons  had  nothing 
to  do  with  the  mixture  of  the  articles  (which  is  too  often  left 
to  unprincipled  workmen);  and  being  thus  mader  ol  the  re- 
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Exterior  charac¬ 
ters  of  the  iron 
oxides  uf#d. 


Slight  calci¬ 
nation  changes 
them  from  brown 
to  red. 

A  greater 
changer  them  to 
a  deep  brown. 
Long  continued 
heat  renders 
them  black  and 
porous  like  lava. 

Their  fradturc 
grained  and 
earthy,  and  they 
contain  quartz 
cryftals. 

Needles  of 
fchorl,  amphi- 
hole,  and  tour¬ 
malines. 

Their  fmell  ar¬ 
gillaceous. 

Give  no  fparks. 


Do  not  efter- 
vefee. 

Are  affe&ed  by 
the  magnet. 

Weight  of  a 
cubic  foot. 


fpeftive  proportions  of  the  puzzolana  and  the  lime,  I  couM 
always  be  allured  of  the  lohdity  of  my  cements. 

1  here  remains  lor  me  to  deferibe  the  exterior  chara&ers  oi 
the  quartziferous  ferruginous  oxides,  which  form  the  bafis  of 
my  factitious  puzzolana,  and  to  relate  the  analylis  of  them 
which  I  made  about  IS  years  ago.  I  will  content  myfelf  with 
offering  (he  comparative  relulls  with  the  Italian  puzfcolana, 
botli  in  the  dry  way  and  the  moift. 

Exterior  Characters  of  the  quartziferous  Oxides  of  Iron. 

Their  colour  is  of  a  reddilh-browrn  before  calcination,  or 
flightly  violet-  A  light  torrification  gives  them  a  clearer  red  tint 
or  a  deep  violet  :  one  more  intenfe  renders  them  of  a  deep 
brown  or  of  a  violet-brown  inclining  to  a  black.  The  degree 
of  l he  calcination  for  ufe  is  confined  to  thofe  two  dates. 

Lrged  at  a  longer  continued  heat,  the  colour  becomes  & 
deep  black,  then  the  fubftance  becomes  porous,  entirely  (imi- 
lar  to  certain  lavas  of  our  modern  or  ancient  volcanos,  with 
which  it  is  then  difficult  not  to  confound  them. 

1  heir  fratdure  is  grained  and  a  little  earthy,  and  fmall  ervf- 
tals  of  quartz  may  be  diflinguiflied  in  them  by  the  naked  eye, 
and  almoft  always  angular  fragments  of  gray  or  milky  quartz  ; 
a  powerful  magnifying  lens  caufes  in  fome  fragments  the  dis¬ 
covery  of  needles  of  fchorl,  the  amphibole  of  Hauy,  and  fome 
fmall  tourmalines. 

Their  fmell  is  firongly  argillaceous  on  breathing  on  them 
with  the  mouth. 

T  here  is  no  fire  produced  by  the  ufe  of  the  fteeJ,  when  it 
does  not  ftrike  a  quartofe  particle. 

They  do  not  effervefee  with  acids  either  cold  or  hot. 

i  lie  magnet  a£ts  a  little  on  thefe  oxides  before  calcination, 
and  ftrongly,  or  perceptibly,  after  it. 

The  medium  weight  of  a  cubic  foot  is  125°;  that  of  the 
Italian  puzzolana  is  but  91°. 


Analy/is  by  the  moift  Way. 

Analyfis  in  the  I  fhal!  not  weary  (lie  aflembly  by  a  detail  of  the  manipula-i 

holoxils! Ihe  Uons  relalive  ,0  llie  foIvents  and  re-agents  which  art  ules  for 
the  decompofition  of  bodies,  and-  (hall  only  fay,  that  filex, 

iron,  alumen,  and  a  fmall  portion  of  mang»nefe,  are  the  con- 
Hituent  parts  of  thefe  oxides. 

I  repeated 
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I  repeated  thefe  experiments  many  times,  and  had  for  a 
medium  re(ult  from  an  hundred  pounds,  chemical  weight, 

50  parts  of  filex  ; 

3  I  - of  iron  ; 

16  - of  alumen  ; 

3  - of  manganefe,  and  lofs. 


100 


Ifth  is  anal) iis  be  compared  with  that  of  the  puzzolana 
Italy,  which  contains  in  100  parts — 


0f  and  of  the  Italian 
puzzolana. 


50  of  filex  ; 

25  of  alumen  ; 
1 6  of  iron  ; 

3  of  lime; 

6  of  lofs ; 


100 

their  refpective  properties  may  be  appreciated  according  to 
the  proportions  of  their  integrant  parts. 

The  excefs  of  alumen  caufes  the  plaiflers  made  from  the  Excefs  of  alu- 
Italian  puzzolana  to  crack  and  chap  in  the  open  air:  this  ^lia^kind  tcT 
fault  arifes  from  their  great  oxidation.  I  have  been  able  to  crack, 
replace  in  them  thofe  principles  which  they  loft  by  decom- 
pofition. 

Analyfis  in  tlx  dry  Way. 

I  endeavoured  to  obtain  a  regulus  from  thefe  oxides  of  iron  Analyfis  in  the 
by  ufing  a  violent  heat.  I  followed  the  procefs  of  Kir  wan  Kfrwaa’s'pro-^ 
for  the  fufion  of  filiceous  and  argillaceous  ores  of  iron  ;  yet  I  ceffes; 
never  obtained  a  tingle  metallic  button  ;  and  only  found  at  the  afforded  no 
bottom  of  the  crucible  a  vitrified  mafs  of  an  opaque  black,  or 1X161:314 
a  fcoria  in  the  ftate  of  crude  caft  iron. 

Defirous  to  know  if  I  could  procure  a  malleable  button  The  blowpipe 
by  ufing  the  blowpipe,  taking  borax  for  the  flux  and  fupport-  unfucce^* 
ing  the  oxide  on  charcoal ;  I  ftill  could  only  obtain  a  fpongy 
ingot  refembling  crude  caft  iron,  and  breaking  both  when  hot 
and  when  cold. 

Being  placed  on  a  fupport  of  glafs  (according  to  my  method  The  oxide  fufed 
publiflied  in  (he  Journal  de  Phyfique,  Tome  XXXI.  pages  on  slafs> 

1 16  and  139),  the  oxide  fufed  at  the  fecond  attempt,  the  fup- 
Vol.  XII.— Supplement,  Z  port  ■, 
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port  was  coloured  green,  and  fmall  grains  of  iron  were  feen 
to  pafs  firft  of  a  dark-green  colour,  then  of  a  bright  green,  and 
afterwards  to  difappear  in  evaporating.  There  remained  on 
the  globule  only  a  flight  tinge  of  blackifli-green. 

General  rcfult.  The  refult  of  all  thefe  fads  feems  tc  be,  that  this  oxide  is 
entirely  deprived  of  its  metallic  principle,  and  that  its  (uper- 
oxigenation  renders  it  reducible  and  refra&ory. 

The  oxide  may  The  arts  may  draw  fome  advantage  from  thefe  oxides,  by 
ment.C  ufing  them  in  pigments  for  buildings.  I  fucceeded  after  many 

wafliings,  in  extrading  from  them  a  beautiful  brown-red 
colour  equal  to  that  of  commerce,  and  applied  it  to  ufe  fue- 
cefsfully.* 

*  This  paper  has  been  abridged  in  its  introduction,  in  the  details 
relative  to  negociations  with  the  Conftituent  Aflembly,  and  in  fome 
other  points  a  little  irrelevant  to  the  puzzolana ;  but  all  matters 
diredly  tending  to  illuftrate  its  nature  and  properties  have  been 
carefully  copied. 

M.  Dodun’s  difeovery  may  be  of  fome  ufe  to  this  country,  as 
there  are  in  many  parts  of  it  large  maffes  of  iron-ftone,  and  fome 
is  found  in  the  vicinity  of  molt  coal-mines. 

It  has  been  long  known  that  iron  ochres  have  the  fame  property 
of  forcing  puzzolana  with  lime,  when  properly  roafted,  and  this 
circumftance  is  mentioned  at  large  in  Chaptal’s  Chemiftry.  A  pa¬ 
tent  has  alfo  been  obtained  in  this  country  for  the  application  of 
iron  pyrites  to  the  fame  purpofe,  the  right  to  which  was  purchafed 
long  ago  by  Mr.  Samuel  Wyat.  But  the  novelty  of  M.  Dodun’s 
difeovery  is,  that  poor  iron-ftone  is  equally  fit  for  this  ufe,  as  the 
other  fubftinces  mentioned,  which  is  of  the  more  importance  as 
it  is  very  plentiful,  and  may  often  be  procured  in  fituations  where 
the  others  cannot. 

It  may  not  be  amifs  to  mention  here,  that  bafalt  treated  in  the 
fame  manner,  has  the  fame  property  as  the  puzzolana  :  the  whin- 
,  ftone,  of  which  the  ovoidal  paving-ftones  confift  moftly,  is  of  this 

kind ;  and  it  is  found  in  great  abundance  in  thefe  countries,  in 
different  forms. — B. 


I 


Experiments 


CONTRACTION  OF  WATER  BY  II E  AT* 


339 


VIII. 

Experiments  and  Ohfervations  upon  the  Contraction  of  JVater  bp 
Heat  at  low  Temperatures.  Bp  Thomas  Charles  Hope, 

M.  D.  F.  IL  S.  Ed.  Profeffor  of  Chemifiry  in  the  Univerfity 
of  Edinburgh.  From  the  Edinburgh  Philofophical  Tranfactions, 
for  1804. 

To  the  general  law,  that  bodies  are  expanded  by  heat,  and  Expanfion  of 
contracted  by  cold,  water  at  the  point  of  congelation,  and  &c?near  the* 
for  fome  degrees  of  temperature  above  it,  it  feems  to  afford  a  freezing  point, 
very  fingular  and  curious  exception. 

The  circum dances  of  this  remarkable  anomaly  have  been  for 
fome  time  believed  to  be  the  following  : 

When  heat  is  applied  (o  water  ice  cold,  or  at  a  temperature  General  or  ufual 
cot  far  didant,  it  caufes  a  diminution  in  the  bulk  of  the  duid.  ^^$ment  °*  tll£ 
The  water  contrails,  and  continues  to  contradt,  with  the  aug-  Ice-cold  water 
mentation  of  temperature,  till  it  reaches  the  40th  or  41  d  de-  contrfCts  by  m- 

*  .  create  or  temp. 

gree.  Between  this  point  and  the  4‘2d  or  43d,  it  differs  to  about  42°, 
icarcely  any  perceptible  change  ;  but  when  heated  beyond  the  and  then  cx~ 
lad-mentioned  degree,  it  begins  to  expand,  and  increafes  in  P  3 
volume  with  every  fubfequent  rife  of  temperature. 

During  the  abdraclion  of  caloric,  the  peculiarity  in  the  con-  and  fufFers  the 
flitution  of  water  equally  appears.  Warm  water,  as  it  cools, 

Ihrinks,  as  other  bodies  do,  till  it  arrives  at  the  temperature  of 
43°  or  42°.  It  then  differs  a  lofs  of  two  degrees  without  any 
alteration  of  dendty.  But  when  farther  cooled,  it  begins  to  di¬ 
late,  and  continues  to  dilate,  as  the  temperature  falls,  till  con¬ 
gelation  actually  commences,  whether  this  occurs  as  foon  as  the 
water  reaches  the  32°,  or  after  it  has  defcended  any  number  of 
degrees  below  it. 

yjuppofing  this  peculiarity  of  water  to  be  eftablifhed,  it  mud  This  fuppofeJ- 
appear,  indeed,  a  very  odd  circumdanee,  that  heat  fliould  pro-  Pecuuati '  - 
duce  contraction  in  this  duid,  while  it  caufes  expanfion  in  other 
bodies  * ;  and  no  lefs  drange,  that  within  one  range  of  tempera- 

*  Is  this  mode  of  change  peculiar  to  water  ? — I  do  not  know  of 
any  experiments  with  other  fluids,  except  that  mentioned  on  page 
343.  Perhaps  it  may  be  common  to  all,  or  at  lead  to  all  thofe 
which  expand  by  congelation.  Decifive  trials  of  this  point  ar©  the 
more  defirable,  becaufe  fome  of  Count  Rumfords  general  indyo* 
tions  require  or  fuppofe  that  feawater  fhould  not  be  tbu?  affected. — N. 
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been  hitherto 
deduced  from 
experiments  in 
narrow  necked 
vefiels. 


of  which  the  ca¬ 
pacities  alfo  vary 
by  change  of 
temperature. 


The  author 
fliows  the  effed 
by  other  means. 


Previous  hiftory. 


Dr.  Croune  hrfl 
obferved  that 
water  appears  to 
expand  before  it 
freezes. 


His  narrative. 
The  experiment 
Aiewed  that 
water  rofe  in  a 
iong  necked 
veiTel  by  cool¬ 
ing  s 


(lire  it  fliould  contract,  and  in  another  expand,  the  very  fame 
fubflance.  Before  a  deviation  from  fo  general  a  law  fhould  be 
received  as  matter  of  fact,  the  proofs  of  its  exiflence  ought  to  be 
clear  and  indifputable. 

I  he  experiments  hitherto  publiflied,  from  which  this  fingula- 
rity  has  been  deduced,  have  all  of  them  been  performed  upon 
Water  contained  in  inftrumenls  fhaped  like  a  thermometer  glafs* 
and  conflfting  of  a  ball  with  a  (lender  Item  ;  and  the  expand  ve 
or  contradive  effeds  of  heat  and  cold  have  been  inferred,  from 
the  afeent  or  defeent  of  the  fluid  in  the  (tern. 

To  fuch  experiments  it  has  been  objeded,  that  the  dimenfions 
and  capacity  of  the  inftrument  undergo  fo  much  change,  from 
variation  of  temperature,  that  it  is  difficult,  if  not  impofdble, 
to  determine  how  much  of  the  apparent  anomaly  ought  to  be 
imputed  to  fuch  changes,  and  that  it  is  not  improbable  that  the 
whole  of  it  may  be  aferibed  to  them. 

The  objed  of  this  paper,  which  I  have  now  the  honour 
to  read  to  the  fociety,  is  to  prove  by  a  fet  of  experiments, 
conduded  in  a  manner  altogether  different,  that  the  common 
opinion  is  founded  in  truth,  and  that  water  prefenls  itfelf  as 
that  drange  and  unaccountable  anomaly  which  I  have  already 
deferibed. 

It  is  worth  while,  before  detailing  my  experiments,  to 
give  a  fhort  account  of  thofe  obfervations  which  led  to  the 
difeovery  of  the  fad,  and  which  in  fucceffion  have  extended 
our  knowledge  of  it,  as  well  as  of  thofe  obfervations  which 
have  at  different  periods  been  offered  to  diferedit,  and  to  bring 
it  into  doubt. 

*  / 

The  fir  ft  obfervation  relative  to  this  fubjed  was  made  by 
Dr.  Croune,  towards  the  clofe  of  the  1 7 tli  century,  while 
engaged  in  inveftigating  the  phenomena  of  the  great  and 
forcible,  though  familiar,  expanfion  which  happens  to  water 
at  the  inffant  of  freezing ;  a  matter  which  occupied  irl  a 
confiderahle  degree,  the  attention  of  his  fellow-nrembers 
of  the  Royal  Society  of  London  in  the  earlier  years  of  that 
inftitution. 

I  (hall  relate  in  his  own  words  his  firft  obfervation :  “  I  filled 
a  ftrong  bolt-head  about  half-way  up  the  Item  with  water,  a  day 
or  two  before  the  great  froft  went  off,  marking  the  place  where 
the  water  flood  ;  and  placing  it  in  the  fnow  on  my  leads* 
while  I  went  to  put  fome  fait  to  the  fhow,  I  found  it  above 

the 
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fcbe  mark  fo  foon,  that  I  thought  the  mark  had  flipt  down, 
which  I  prefently  raifed  to  the  water,  and  as  toon  as  ever  I 
mixed  the  fait  writh  the  fnow,  the  vvater  rofe  very  faft,  about 
one-halt  inch  above  it,  I  took  up  then  the  glafs,  and  found 
the  water  all  fluid  ftill  :  it  was  again  fet  down  in  the  fait  and 
inovv;  but  w'hen  I  came  about  an  hour  after  to  view  it,  the 
baii  was  broke,  and  the  water  turned  to  hard  ice,  both  in  the 
ball  and  flem  *” 

from  this  experiment  Dr.  Croune  drew  the  conclufion,  that  Whence  he  In- 
water,  when  fubjecied  to  cold,  aduallv  began  to  expand  before  ^erred  an 
it  began  to  treeze.  On  announcing  it,  however,  to  the  Royal  But  Dr.  Hooke 
Society,  on  the  6th  of  February  1683,  Dr.  Hooke  immediately  a^ibed  the  et- 
exprefled  flrong  doubts,  and  afcribed  the  afcent  of  the  w?aterfej,  t0  1  £  V^~ 
in  the  neck  ot  the  velfel  to  the  fhrinking  of  the  glafs  occafioned 
by  the  cold. 

To  obviate  this  objedion,  and  to  preclude,  as  far  as  was  pof-  Dr.  C.  repeated 

Able,  the  influence  of  the  change  of  capacity  in  the  apparatus  *VS  e,xP'  Wlth 
r  .  -  r  •  .  .  ,  .  . r  1  the  lame  event, 

irom  an  alteration  ot  its  temperature,  a  bolt-head  w-as  immerfed  in  a  vefiel  pre¬ 
in  a  mixture  of  fait  and  fnow,  and  into  it,  when  cooled,  was  vi°u%  cooledj 
poured,  to  a  certain  height,  vvater  previoufly  brought  to 
near  the  freezing  point.  The  water  began  inflantly  to  rife  as 
belore,  and  when  it  had  attended  about  one-fourth  of  an  inch 
in  the  flem,  the  veflel  was  taken  out,  the  whole  water  remaining 
fluid.  ,  - 

Tliefe  experiments,  fupported  by  others  of  a  flmilar  nature,  which  gave  fa- 
communicalcd  by  Dr.  Siare  to  the  Society  on  the  20th  0f  tisfa^ioji j 
the  fame  month,  appear  to  have  faiisfled  its  members,  in  ge¬ 
neral,  of  this  fact,  that  water,  w'hen  on  the  point  of  congealing, 
and  w-hile  flill  fluid,  is  actually  fomewbat  dilated  previous 
to  the  remarkable  expanfion  which  accompanies  its  converflon 
into  ice.  .  . 

Dr.  Hooke,  however,  continued  unfliaken,  and  retained  the  but  not  to  Dr, 
doubts  he  had  exprefled.  Hooke. 

Remarkable  as  the  fad,  as  now  dated,  mild  have  appeared, 
it  feems  not  to  have  excited  particular  attention,  nor  to  have  fo- 
licited  more  minute  examination  ;  and  indeed  though  phi- 
lofopliers  did  not  lofe  fight  of  it,  yet  for  near  a  century  no 
one  invefligated  it  more  carefully.  Mairan,  in  his  ireatife 
on  ice  in  1 7 T9,  and  Du  Crefl  in  bis  diflertation  on  thermo- 

Birch’s  Hijiory  of  the  Royal  Society 3  Vol.  iv.  p.263. 
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meters  in  1757,  appear  to  be  well  aware  of  this  property 
Modern  expet;,  of  water,  but  it  is  to  M.  De  Luc  that  we  owe  the  knowledge 

L,uc.  °  le  fading  and  more  interefting  circum  fiances,  (vide  Re* 

cher cites ,  &c.  1772.) 

Having  devoted  his  attention  to  the  examination  and  im¬ 
provement  of  the  thermometer,  he  was  naturally  led  to  the 
inveftigation,  while  engaged  in  aicertaining  the  phenomena 

of  the  expantion  and  contraction  of  different  fluids  by  heat 
and  cold. 

He  ufed  ther-  He  employed  in  his  experiments  thermometer  glaffes  ;  and 
and  found  the  included  water,  at  or  near  the  term  of  liquefadlion,  de- 

bacoroli°ndeuClind  fcended  in  the  ftem>  and  appeared  to  him  to  buffer  a  diminu- 
4i°,  and8 then  ^0R  ku*k  ^y  every  increafe  of  temperature,  till  it  arrived 
rife  till  freezing:  at  the  41  ft  degree.  From  this  point  its  volume  inereafed 
with  its  temperature,  and  it  afeended  in  the  tube.  This  fluid, 
vvhen  heated  and  allowed  to  cool,  feemed  to  him  to  contract 
in  the  ordinary  way,  till  its  temperature  funk  to  the  41°,  but 

to  expand  and  increafe  in  volume,  as  the  temperature  fell  to 
the  freezing  point. 

The  denfity  of  water,  he  thence  inferred,  is  at  its  maximum 
at  4 1  ,  and  decreates  with  equal  certainty  w'hether  the  tempera¬ 
ture  is  elevated  or  depreffed. 

M.  de  Luc  lays,  indeed,  that  very  nearly  the  fame  alteration 
in  volume  is  occafioned  in  water  of  temperature  41 w,  by  a  varia¬ 
tion  of  any  given  number  of  degrees  of  temperature,  whether 
they  be  ot  increafe  or  of  diminution  ;  and  consequently  that 
the  denfity  of  water  at  temperature  50,  and  at  temperature 
32°,  is  the  fame. 

This  philofopher  did  not  conceive  that  the  conflitution  of 
water,  in  relation  to  caloric,  undergoes  a  change  at  the  tem¬ 
perature  of  41°,  fuch  that  fliort  of  this  degree  caloric  (hould 
occafion  contra<51ion,  and  beyond  it  expanfion.  He  imagined 
that  heat  in  all  temperatures  tends  to  produce  two  but  quite 

oppofite  effects  on  this  fluid,  the  one  expanfion,  the  other 
contraction. 

In  low  temperatures,  the  contradive  effcas  furpafs  the 
expanfive,  and  contraction  is  the  confequence :  In  tempe¬ 
ratures  beyond  41°,  the  expanfive  predominate,  and  the 
vitible  expanfion  is  the  excefs  of  the  expanfive  operation  over 
the  contradive, 

to 


fo  that  Its  den¬ 
fity  at  509  and 
at  320  appears 
the  Lme. 


His  theory, 
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In  1788,  Sir  Charles  Blagden  added  the  curious  obferva- ^ir  Cha.^Blag- 
lions,  (hat  water,  which  by  flow  and  undifturbed  refrigera-  water  ma'y  be 
tion  permits  its  temperature  to  fall  many  degrees  below  its  cooled  many  de¬ 
freezing  point,  perfeveres  in  expanding  gradually  as  the  tern*  ^Vwhhout 
perature  declines ;  and  that  water  having  fome  muriate  oftreearing,  and 
loda  or  fea-lalt  dillolved  in  it,  begins  to  expand  about  the  ^^Inues  t0  ex” 
lame  number  of  degrees  above  its  own  term  of  congelation 
that  the  expanfion  ol  pure  water  precedes  its  freezing,  that 
is,  between  eight  and  nine  degrees.  More  lately,  ( Philofo- 
phical  TranfaStions,  1801),  he,  or  rather  Mr.  Gilpin  by  his 
direction  endeavoured  to  afcertain,  by  the  balance  and  weigh¬ 
ing  bottle,  the  amount  of  this  change  of  denfity  caufed  by  a 
few  degrees  of  temperature. 

Every  one  mull  be  familiar  with  the  ufe  which  Count  Rum-Count  Rum- 
ford  has  made  of  this  peculiarity  in  the  conttitution  of  water,  ^ns^t-hiT" 
in  explaining  many  curious  appearances  that  prefented  them-doiliine  to  the 
felves  in  his  experiments  upon  the  conducing  power  of  fluids,  “c^nomy  oi  na- 
and  in  accounting  for  certain  remarkable  natural  occurrences. 

The  Count,  with  his  ufual  ingenuity,  has  endeavoured  to  point 
out  the  important  purpofes  which  this  peculiarity  ferves  in  the 
economy  of  nature,  and  to  aflign  the  final  caufe  of  fo  remark¬ 
able  an  exception  from  a  general  law'. 

In  recording  the  obfervations  and  opinions  that  have  been  Mr.  Dalton's 
publifhed  concerning  this  point,  I  might  now,  in  order,  notice  exP'-nmen-s* 
thofe  of  Mr.  Dalton  of  Manchefier,  related  in  the  fifth  volume 
of  the  Manchefier  Memoirs,  w'hich  tended  to  confirm  and  enlarge 


our  knowledge  of  it.  But  as  Mr.  Dalton  himfelf  has  called  in 
queflion  the  accuracy  of  the  conclufion  which  had  been  draw'n 
from  his  experiments,  and  from  thofe  of  preceding  obfervers,  I 
lliall  only  remark,  that  they  are  of  the  fame  nature,  and  nearly 
to  the  fame  purport,  as  thofe  of  M.  de  Luc. 

It  was  in  confequence  of  a  communication  with  which  Mr.  wh:>  queftion* 
Dalton  favoured  me,  three  months  ago,  that  my  attention  was  conclufioni!  ^ 
directed  to  this  fubjeCi.  He  informed  me,  that  after  a  long 
train  of  experiments  he  was  led  to  believe  that  he, "and  his 
predeceflbrs  in  the  fame  field  of  invefiigation,  had  fallen  into 
a  miftake  with  regard  to  the  contraction  of  water  by  heat, 
and  its  expanfion  by  cold,  in  confequence  of  overlooking  or 
underrating  the  effect  which  the  change  in  the  capacity  of  the 
thermometer-fhaped  apparatus  employed,  muff  occafion  or*  the 
apparent  volume  of  the  fluid.  He  dated,  in  general  terms, 

that 
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bceaufe  th« 
point  of  greateft 
apparent  denfity 
is  different  in 
different  veffelsj 
viz.  in  earthen¬ 
ware  at  349, 
glafs  42°,  brafs 
46°,  and  lead 
50*. 


that  on  fubjeding  water  to  different  degrees  of  temperature, 
in  inftruments  made  of  difFerent  materials,  he  found  the  point 
of  greateft  denfity  was  indicated  at  a  difFerent  temperature  in 
in  each. 

In  an  apparatus,  having  a  ball  of  earthen-ware,  it  was 
at  the  34-th  degree ;  of  glafs  at  the  42d  ;  of  brafs  at  the 
46th ;  and  of  lead  at  the  50th.  And  as  water  could  not 
follow  a  difFerent  law,  according  to  the  nature  of  the  fubftance 


Mr.  Dalton 
fupports  Dr. 
Hooke. 


De  Luc  and 


of  the  inftrument,  he  conceived  that  the  appearance  of  ano¬ 
maly  in  this  fluid  originated  entirely  in  the  containing  vetFel, 
which  muft  caufe  the  fluid  in  the  flem  to  fall  or  rife  according 
as  its  expanFions  are  greater  or  lefs  than  thofe  of  the  included 
liquor. 

A  detail  of  thefe  important  experiments  has,  ere  now,  been 
tranfnaitted  for  publication  in  the  Journals  of  the  Royal  J nftitution 
of  London  *. 

I  have  already  noticed  that  Dr.  Hooke  endeavoured  to  ex¬ 
plain  in  the  fame  manner  the  original  experimentof  Dr.  Croune. 
I  his  explanation  apparently  gathers  much  force  from  thefe  ex¬ 
periments  of  Mr.  Dalton. 

It  is  proper,  however,  to  Ftate,  that  M.  de  Luc  was  perfedly 
aware  of  the  alteration  in  the  dimenfions  of  his'glafs  apparatus, 
but  deemed  the  change  too  trifling  to  have  any  material  in¬ 
fluence. 


Blagden  were 
attentive  to  the 
veil'd  : 


and  various  rea- 
fons  afford 
ground  for 
doubt. 


Sir  Charles  Blagden  paid  greater  attention  to  the  eircum- 
fiance,  and  by  calculation  attempted  to  appreciate  what  allow¬ 
ance  ought  to  be  made  for  the  change  of  capacity  in  the  amount 
of  the  apparent  changes  of  volume. 

When  it  is  confidere’d,  that  the  whole  amount  of  the  apparent 
change  is  but  very  (mail,  and  that  the  expanFibility  of  the  glafs 
is  with  difficulty  afeertained,  and  is  variable  by  reafon  of  the 
fluduating  proportions  of  its  heterogeneous  confiituents,  it  muft 
be  acknow  ledged,  that  preci lion  in  fuch  a  calculation  cannot  pol- 
Fibly  be  attained,  and  can  fcarcely  be  approached.  On  this  ac¬ 
count,  all  the  experiments  already  noticed  are  open,  to  the 
explanation  of  Dr.  Hooke,  and  in  fome  meafure  liable  to  the 
objedion  which  he  had  urged.  I  confefs,  that  the  experiments 
of  Mr.  Dalton,  in  per  fed  concurrence  with  that  explanation. 


*  They  were  tranfmitted  to  our  Journal  by  the  author  in  Vol.  X. 
page  33.  . 

«  ,#  *  • 
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created  confiderable  doubts  refpefting  the  exigence  of  the  pe¬ 
culiarity  ot  water ;  againft  the  probability  of  which  circum- 
ftance,  all  analogical  realoning,  and  every  argument  a  priori, 
ftrongly  militate. 

Unwilling  to  remain  in  uncertainty,  and  confidering  it  as  a 
point  of  much  curiofity  and  intereft,  I  have  endeavoured  to  in- 
veftigate  the  fubjedt  by  experiments  conducted  in  a  totally  dif¬ 
ferent  manner,  equally  calculated  to  exhibit  the  Angular 
truth,  but  free  from  the  obje&ions  to  which  the  others  are 
liable.  In  them,  it  was  my  objedl  to  provide,  that  neither  the 
changes  of  the  a6tual  volume  of  the  water,  nor  the  alterations 
in  the  dimenlions  of  (Jie  inftrument,  fhould  have  any  influence 
whatever. 


The  author’s 
experiments 
were  not  made 
uncertain  by  the 
caufes  before 
ftated. 


I  have  already  taken  occafion  to  fiate,  that  the^purpofe  of  this 
paper  is  to  prove,  by  experiments  on  the  principle  nq>v  men¬ 
tioned,  that  in  the  confutation  of  water  there  really  exifls  the 
Angularity  often  noticed. 

I  (hall  fir  ft  (late  the  plan  of  the  experiments,  and  then  detail 

the  particulars  of  the  mod  remarkable  of  them. 

When  any  body  is  dilated,  whether  hy  heat  or  cold,  it  necef-  His  attention 

tardy  becomes  lefs  denfe,  or  fpecifically  lighter ;  and  the  oppofite  ^^wl^the*0 

effe&s  refult  from  contraction.  This  is  the  circumftance,  as  eve-  water  rifes  or 

ry  one  knows,  which  caufes  various  movements  amopg  the  par-  ^in^s  by  lhe 
.  ,  r  n  .  .  ,  .  ..  „  ..  .  preceding 

tides  or  fluids,  when  any  inequality  or  temperature  prevails  in  changes  of  tem- 

the  mafs;  hence  lliefe  particles  are  little  acquainted  with  a  ftate  peraturej 

of  reft. 

If  a  partial  application  or  fubtra£lion  of  heat  produce  an  in¬ 
equality  of  denfity  in  a  mals  of  fluid,  the  lighter  parts  rife  to 
the  furface,  or  the  denfer  fall  to  the  bottom. 

It  readily  occurred,  that  I  might  avail  to  myfelf  of  thefe  move¬ 
ments,  and  upon  ftatical  principles  determine  the  queftion  in 
difpule. 

I  had  only  to  examine  attentively  water,  as  it  was  heated  or  which  could  be 

cooled  in  a  jar,  and  to  oblerve,  by  means  of  thermometers.  done  tbier“ 

.  .  .  ,  .  mometersduly 

what  lituation  the  warmer,  and  what  the  cooler  parts  of  this  placed. 

fluid  affecled. 

If  I  fhould  find  that  ice-cold  water,  in  acquiring  temperature, 

(bowed,  in  its  w  hole  progrefs,  the  warmer  parts  near  the  top,  it 
would  indicate  that  water  follows  the  dual  law,  and  is  expand¬ 
ed  like  other  bodies  by  heat. 

Or  if  I  fhould  obferve  that  warm  water,  in  cooling  to  the  Fov  the  cold 
freezing  point,  had  the  coldeft  portion  uniformly  at  the  bottom,  Portlons°f 

the  watcrdunns 
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change  Of  tem-  the  fame  conclufiou  would  follow;  while  a  different  inference. 

^onftantly  be  at  anc^  ^ie  exigence  of  the  fuppofed  anomaly,  would  be  deducible 
the  bottom,  it  fhould  the  event  prove  different.  1  he  only  circum fiance,  I  can 

outfuch  change!  ^?llie  to  as  tending  in  any  meafure  to  render  this  mode 

p  ot  examining  the  point  doubtful,  is,  that  water  near  its  congeal- 
ing  point  may  have  lo  little  change  of  denfity  occafioned  by  a 
imall  variation  of  temperature,  that  its  particles  may  be  prevent¬ 
ed  by  their  inertia,  or  by  the  tenacity  of  the  circumfluent  mafs, 

from  afiuming  that  fituation  which  their  fpecific  gravity  would 
allot  to  them. 

It  will  appear,  however,  very  clear,  from  the  circumflances 
of  the  experiments  which  I  (hall  immediately  detail,  that  no 
obfiacle  to  the  fuccefs  and  precifion  ot  the  experiments  pro-* 
ceeded  from  this  fource. 

It  is  not  neceffary  for  me  to  relate  all  the  experiments  I  have 
made.  I  fhall  reftri6t  myfell  to  the  detail  of  fix,  which  pretent 
varieties  in  the  modes  of  procedure,  and  which  afford  the  moll 
linking  refults. 

Exp.  i.  Ice.  Exp.  1. 1  filled  a  cylindrical  jar  of  glafs  S4  inches  deep,  and 

pMdedWtoa«rm  in  diame|er<  wilh  wa<er  of  temperature  32®,  and  placed  it  on 
atmofphere,  was  a  table,  interpofing  a  confiderable  thicknefs  of  matter  poffeffed 

bd^'rin'sV5,  °f  ,ilt!e  Power  conducing  lieaK  I  fufpended  two  thermo, 
after  which  it  meters  in  the  fluid,  nearly  in  the  axis  ot  the  jar,  one  with  its 
was  warmer  at  ball  about  half  an  inch  from  the  bottom,  the  other  at  the  fame 
top*  di fiance  below  the  furface.  The  jar  was  freely  expofed  to 

the  air  of  the  room,  the  temperature  of  which  was  from  6'CH 
to  62°. 

The  experiment  commenced  at  noon  : 


Top  Thermom, 

. 

Bottom  do. 

32Q 

32° 

In  10  minutes,  -  33  + 

- 

34  + 

—  30 -  -  35.5 

- 

37 

—  <50 - -  •  -  37 

- 

38  + 

—  an  hour,  -  33 

- 

38  + 

- and  10  minutes,  42 

- 

38.25 

- - 30 - 44 

- 

40 

-  50 -  46  + 

41  + 

—  2  hours  and  10  minutes,  48 

a. 

42.5 

- 30  — - 50 

• 

• 

44 

— -  50 -  50,5 

m 

45 

4  hours,  .  54 

m 

49 

Confiding 
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Confiding  in  the  indications  of  the  thermometers,  from  this 
experiment  we  learn,  that  when  heat  flows  on  all  Tides  from  the 
ambient  air  into  a  column  of  ice-cold  water,  the  warmer  por¬ 
tions  of  the  fluid  actually  defcend,  and  take  pofleffion  of  the  bot¬ 
tom  of  the  veflel. 


This  downward  courfe  proclaims  an  increafed  denfity,  and  Whence  it  is 

teftifies  that  the  cold  water  is  contra&ed  by  heat.  As  foon,  the  colder  (upC 

however,  as  the  fluid  at  the  bottom  exhibits  a  temperature  of  per)  fluid  was 

38°,  this  courle  is  retarded  and  foon  llopped,  and  with  the  rife  rarer  at  the 

rr  temperatures 

of  temperature  beyond  40°  is  totally  changed  ;  for  when  the  near  freezing 5 
mats  attains  this  degree,  the  exoeriment  equally  (hows,  that  the  and  the  warmer 

n  ■  1  r  j  1  *  •  ,  r  .  ,  (upper)  fluid 

warmer  fluid  alcends  and  occupies  the  lummit,  by  its  route  an-  was  rarer  at  the 

nouncing  its  diminiflied  denfity,  and  proving  that  water  is  now  higher  part  of 

jji  i  ,  the  fcale. 

expanded  by  heat. 

hxp.  II.  I  filled  the  famejar  with  water  of  temperature  53°;  and  Exp.  2.  Water 
that  I  might  obferve  the  phenomena  of  cooling,  I  placed  i.t  in  at  ^  vyas 

o  ‘  _  o  1  every  where 

the  axis  of  a  much  larger  cylindrical  veflel,  nearly  full  of  water,  cooled  by  enve- 

of  temperature  41°,  and,  by  an  earthen-w'are  fupport,  raifed  it  ^ 
about  three  inches  from  the  bottom,  taking  care  that  the  water  water.  It  was 
fliould  be  on  the  fame  level  in  both  veiTels.  As  foon  as  I  had  ^’arme£  at  *°P 
adjufled  the  two  thermometers,  as  in  the  former  experiment,  I  which  it  was1 
obferved  that  the  top  of  the  fluid  was  Hill  at  53°,  but  the  bot-  warmer 
£om  had  fallen  to  49°.  below. 


In  9  minutes, 
—  15 - 


Top* 

52° 

52 


Bottom. 

45 

44 


Now,  to  accelerate  the  cooling,  I  withdrew  by  a  fy phon 


the  water  from  the  large 

cylinder, 

and  fupplied  its  place 

by  ice-cold  water,  mixed 

with  fragments 

of  ice,  which  by 

repeated  cautious  agitation 

was  kept 

unifor 

mly  at  the  tempe- 

rature  of  32Q. 

In  23  minutes. 

43° 

- 

42  -f 

—  38 - 

44 

- 

40 

—  43 - - 

42 

- 

40 

—  46 - 

40 

- 

40 

—  52 - 

36 

- 

40 

—  58 - 

35— 

- 

39 

—  65 - • 

34 

- 

37 

75 

34 

- 

36 

r  103 - 7— 

3  4 

- 

34 

This 
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Whence  the 
fame  conclufion 
Is  deduced  as  in 
the  former  ex¬ 
periment. 


This  experiment  is  the  counterpart  of  the  foregoing,  and  from 
the  teltimony  ol  the  fame  inftruments,  it  appears,  that  when  a 
cylinder  of  water  of  53°  is  cooled  by  circumfluent  iced  fluid, 
tiie  colder  part  of  the  water  takes  pofTeffion  of  the  bottom  of  the 
veil'd,  lo  as  to  eftablilh  a  difference  of  temperature  from  the  fur- 
face,  amounting  fometimes  to  8°.  And  that  as  foon  as  the  fluid 
at  the  bottom  arrives  at  the  40th  degree,  the  temperature  of  tho 
fluid  in  that  fituation  is  flationary  till  the  (urface  reaches  the 
fame  point. 

During  the  fubfequent  refrigeration,  the  progrefs  of  the 
cooling  undergoes  a  total  change.  The  thermometers  tell 
that  the  colder  fluid  rifes  to  the  lurface;  fo  that  the  top  gets 
the*  Hart  ot  the  bottom  foon  by  4°,  and  attains  the  lowed 
temperature  of  34°  very  long  before  the  other  falls  to  the  lame 
degree. 


Exp.  3.  A  tall 
jar,  nearly  18 
inches  high 


Thefe  circumftances,  I  think,  lead  to  the  conclufion,  that  by- 
thelofs  of  caloric,  water  at  33°  is  contracted  and  rendered  fpe- 
ciflcally  heavier,  and  that  this  continues  to  happen  till  the  water 
come  to  the  temperature  of  40p,  at  which  period  an  oppoflte  ef¬ 
fect  is  produced ;  for  now  the  water,  as  it  cools,  becomes  fpecifl- 
cally  lighter,  or  is  expanded. 

In  this,  as  well  as  the  former  experiment,  the  complete 
change  in  the  filiation,  which  the  warmer  and  colder  parts  of 
the  fluid  afle6ted,  in  the  progrefs  both  of  the  heating  and  cool¬ 
ing,  while  every  external  circumflance  of  the  procefs'  con¬ 
tinued  unaltered,  is  particularly  wmrlhy  of  remark. 

Exp.  I II.  I  took  a  glafs  jar,  17.8  inches  deep,  and  4.3  in  diameter 
mcncs  i,;£n,  inlernal  mealure,  having  a  neck  and  tubulature  very  near  the 
containing  water  bottom.  1  provided  alfo  a  cylindrical  baton  of  tinned  iron, 

*ooie°d: ’round  its  4,8  inclies  decP>  and  10inches  in  diameter,  with  a  circular 
upper  part  by  bole  in  the  middle  of  the  bottom,  large  enough  to  receive 

ice  and  fait.  the  top  of  the  jar.  By  means  of  a  collar  and  cement  I 
The  tempera-  .  *  .  ,  r  _  ,  .  ; 

ture  fell quickeft  lecured  tins  balon,  lo  that  it  encircled  the  upper  part  of  the 
at  bottom,  till  jar. 

continued^  TIie  objeC^  of  contrivance  w'as  to  have  the  means  of  ap¬ 
tionary  ;  after  plying  a  cooling  medium  to  the  fuperior  portion  of.  a  cylinder 

face' fa nk” to” ~  oi  water>  and  it  anfwered  the  purpofe  completely.  I  intro- 
freezing,  and  duced  the  ball  of  a  thermometer  through  the  tubulature,  till 
congealed.  (|ie  extremity  of  it  nearly  reached  the  axis'  at  three- fourths  of 
an  inch  above  the  riling  of  the  bottom,  and  having  fixed  it  in 
this  fituation,  I  rendered  the  aperture  water-tight-,  by  a  per- 
,  fora  ted  cork  and  lute. 

Tliis 
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This  very  tall  jar  was  placed  on  a  table,  with  the  interpofi- 
lion  of  Tome  folds  of  thick  paper,  in  a  room  without  a  fire,  of 
the  temperature  42°. 

I  filled  it  with  water  of  50°,  and  poured  into  the  bafon, 
which  embraced  the  top,  a  mixture  of  powdered  ice  and  Fait. 

From  time  to  time  I  explored  the  temperature  near  the  Fur- 
face,  by  inferting  the  bulb  of  a  thermometer  to  the  depth  of 
half  an  inch  nearly  in  the  axis. 


Bottom. 

Top,  Air. 

One  o'clock. 

50° 

50°  42° 

In  1  1  minutes, 

46. -j- 

— 

15  - * 

45 

48 

21 

44 — 

46— 

—  31 

42 

44 

i  .j 

41 

42  ''  ; 

f  At  this  time  a  thin  film  of 

—  51  - - — 

40  4* 

34  4  ice  began  to  form  in  con- 

tact  with  the  glafs. 

—  1  hour  6  mil). 

40 

34 

— - 20 

39,5 

* 

— - 44 

39.5 

The  experiment 
tailed  50  hours. 


\ 


—  4-§  hours. 

39.5 

—  5*  hours, 

39 

7 —  1  1  hours,  i.  e . 
at' midnight,  j 

39 

—  1 9  hours,  i.  t.  *1 
'  next  morning,  j 

39 

—  26  hours, 

40 

~  32  • 

40' 

.  41 

40  . 

—  50  — — - 

41 

"  A  cruft  of  ice  of  fome  thick- 
<  nefs  now  lined  the  glafs, 
and  air  had  fallen  to  40°. 


Cruft  of  ice  complete. 

Air  40°. 

f  Air  40°.  So  much  ice  had 
j  melted  that  the  cake  was  de- 
|  taehed  from  the  fide  of  the 
k  vefiel,  and  floated. 

Air  41°.  Ice  not  all  melted. 
Air  42°.  Ice  not  entirely  gone. 


t  This  long  protracted  experiment  prefents  fome  ftriking  facts, 
and  its  general  import,  with  regard  to  the  fubjedt  of  inveftiga- 
tiop,  agrees  with  the  preceding.  In  it  we  fee,  that  when  the 
frigorific  mixture  ab ft radted  caloric  from  the  upper  extremity  of 
a  cylinder  of  water,  nearly  18  inches  long,  and  at  50p>  the  re- 
dudtion  of  temperature  appeared  fooner,  and  advanced  quicker,, 
at  its  lower  extremity  than  in  the  axis  at  the  top,  not  two  and  a 
,  5  half 


Review  of  the 
fads  and  re¬ 
marks. 
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half  inches  diftant  from  the  cooling  power.  No  one  can  en¬ 
tertain  a  doubt  that  this  is  owing  to  a  current  of  cooled  and  con- 
denfed  fluid  defeending,  and  a  correfponding  one  of  a  w'armer 
temperature  afeending.  Now,  if  water  obferved  the  fame 
law  that  other  bodies  do,  and  had  no  peculiarity  of  conftitu- 
tion,  the  fame  progrefs  of  cooling  (hould  continue.  This,  how¬ 
ever,  the  experiment  teaches  us,  is  not  the  cafe:  as  foon  as 
the  fluid  at  the  bottom  exhibits  a  temperature  of  40°,  it 
ceafes.  The  colder  fluid  remains  at  top,  and  quickly  Ioflng 
As  the  fluid  be-  temperature,  ere  long  begins  to  freeze.  The  continuance  of 

nued^at  topT tt  ^ie  co^er  fluid  at  the  lurface  furely  denotes,  that  it  is  not 
was  not  denfer  more  denfe  than  thefubjacent  warmer  water.  The  legitimate 
than  that  at  40?.  jnference  from  this  js  that  water  of  temperature  40°  is  not 
contracted  by  being  cooled  to  3217. 

Did  water  oblerve  the  ulual  law,  and  lofe  volume  along  with 
temperature,  this  experiment,  by  its  long  duration,  afforded 
ample  time  for  the  manifeftation  of  it. 

for  not  lets  than  two  days  did  ice-cold  water  maintain  pof- 
feflion  of  the  top,  and  for  the  fame  period  the  temperature  at 
the  bottom  never  fell  below  39p.  No  current,  therefore,  of 
cold  and  condenfed  fluid  moved  from  the  furface,  to  affeCt  the 
inferior  thermometer,  or  to  atteft  the  contraction  of  water 
by  cold. 

Yet  the  ex  peri-  This  experiment,  however,  I  muft  remark,  does  not  warrant 

Slow  that  !t  was  conclufl°n,  that  the  water  is  actually  expanded,  though  it 
rarer .  in  no  degree  oppofes  it.  It  proves  no  more,  than  that  the 

contraction  ceales  at  40° ;  and  that  water  of  32°  is  not  more 
It  might  be  even  denfe  than  of  39°  or  40°.  Nay,  fome  may  perchance  alledge, 

frrfa ) f ex cef s 'of  d°es  nc*  Prove  much  ;  conceiving,  that  if  at  40Q  the 

denfity  pr»-  contraction,  without  ceafing  altogether,  becomes  very  incon- 
fiderable,  the  difference  of  denfily  occafioned  by  the  fubfe- 
quent  reduction  of  temperature  may  be  fo  very  trifling,  as  not 
to  enable  the  cold  particles  to  take  that  fituation  which  their* 
gravity  afligns  to  them,  in  oppolition  to  the  inertia  and  tena¬ 
city  of  the  fubjacent  mafs ;  and  therefore  that  the  colder, 
though  heavier  fluid,  may  be  conflrained  to  remain  above. 
That  this  allegation  fhould  have  no  weight  attached  to  it,  the 
circumftances  of  the  fucceeding  experiment  will  clearly  fliow, 
as  I  dial!  foon  notice. 

Thatheatwhich  Before  quilting  the  confideration  of  the  prefent  experiment, 

communication  ^  ^  w urth  while  to  remark,  that  it  may  feero  rather  fur- 

prifing. 


vailed  ; 


but  this  is  not 
entitled  to  re¬ 
gard. 


t 
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prifing,  that  the  bottom  of  the  fluid  was  not  apparently  afFcdled  muft  have  bce» 
in  its  temperature  by  the  ice  which  fo  long  occupied  its  iur- 
face.  It  might  be  expedted,  though  no  cold  currents  de- 
fcended  from  above,  that  the  caloric  fliould  be  conduced  from 
below,  and  that  the  temperature  fliould  by  that  have  been  re¬ 
duced  *.  I  fuppofe  that  the  caloric  did  pafs  from  the  lower 
ffrata  upwards,  but  extremely  flow,  by  reafon  that  fluids,  as 
Count  Rumford  taught  us,  are  exceflively  bad  conductors  of 
beat,  and  fo  very  flowly,  that  the  caloric  entered  from  the 
atmofphere  with  fufficient  quicknefs  to  prevent  any  depreflion 
of  temperature  below  the  39th  degree. 

This  experiment,  I  may  conclude  with  remarking,  is  very 
well  calculated  to  exhibit  the  error  of  the  popular  opinion,  that 
“  heat  has  a  tendency  to  afeend.” 

*  ANNOTATION,  by  the  Author,! 

This  experiment  may  perhaps  be  thought  to  give  counte-  The  opinion  of 

nance  to  the  opinion  of  the  very  ingenious  Count  Rumford,  Count  Rumford 
i  r,  •  i  •  i  ...that  fluids  ean- 

that  fluids  cannot  conduct  heat,  and  that  no  interchange  of  not  conciadt 

beat  can  take  place  between  the  particles  of  bodies  in  a  fluid  heat  from  par- 

ftate,  feeing  that  for  two  days  the  fluid  at  the  bottom  of  the  tlc!e  t0  partic^* 

veffel  never  fell  below  39°,  though  the  furface  was  at  32°. 

From  the  circumftances  detailed  in  his  feventh  ©flay,  the 
Count  concluded,  that  heat  cannot  defeend  in  a  fluid.  From 
the  prefent,  it  might  with  equal  juflice  be  inferred,  that  heat 
cannot  afeend. 

Had  I  not  the  fulleft  conviction  that  this  celebrated  plfllofo-  appears  to  be  in- 
pher  has  puflied  his  ideas  too  far,  I  might  be  difpofed  to  con-  accuratc* 
fider  this  experiment  as  according  well  with  the  hypothefis. 

Soon  after  the  interefting  fpeculations  of  the  Count  ap¬ 
peared,  I  began  to  inveftigate  the  fubjedf ;  and,  by  a  pretty- 
long  train  of  experiments,  which  I  have  annually  taken  an 
opportunity  of  detailing  in  my  ledtures,  fatisfied  myfelf  that  he 
afligned  to  fluidity  a  charadfer  that  does  not  belong  to  it. 

Though  fince  the  date  of  thefe  experiments,  the  public  has 

f  As  this  note  fubjoined  at  the  foot  of  the  page  after  the  words 
temperature  Jhould  by  that  have  been  reduced ,  in  the  original,  is  of 
fuch  conflderable  length,  I  have  taken  the  liberty  of  putting  it  in 
the  fame  type  as  the  text.—  N, 
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Experiments  to 
fhevv  that  heat 
can  defeend  in 
fluids : 


To  water  (and  to 
oil)  the  heat  was 
communicated 
fiom  the  bottom 
of. .a  metallic  vef- 
fel  (in  contact 
with  the  furface 
of  the  fluid, 
and)  heated  by 
boiling  water 
within. 


This  hot  veflel 
did  not  touch 
th^t  which  con¬ 
tained  the  fluid 
under  experi¬ 
ment  ;  and  the 
containing  vefi'el 
was  kept  cold 
round  the  fur- 
face  of  the  fluid, 
and  therefore 
did  not  carry  any 
heatdownwaids. 


Mercury  was 
tried  in  g'aft 
vefiels. 
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become  poflefled  of  feveral  feries,  well  devifed,  and,  is* 
my  opinion,  of  themfelves  conclufive,  it  may  yet  be  worth 
while  do  Hate  tne  tenor  and  refult  of  them,  by  which  the  value 
ot  their  teltirfiony  in  favour  of  the  conducing  powrer  of  liquids 
may  he  eftimaled. 

1  he  experiments  were  of  two  deferiptions. 

The  one  fet,  of  the  fame  nature  nearly  with  thofe  of  Count 
Rumford,  was  deligned  to  examine.  Whether  heat,  when 
applied  to  the  furface,  can  defeend  in  a  fluid  ;  and  the  other 
to  ciifcaver,.  Whether,  on  the  mixture  of  different  portions  of 
fluid  at  different  temperatures,  an  interchange  of 'caloric  takes 
place  between  the  particles; — Water,  oil  and  mercury,  having 
been  the  (ubjecis  of  the  Count’s  experiments,  were  employed 
for  the  firft  fet. 

To  explore  the  condu&ing  power  of  water  and  oil,  the 
apparatus  which  I  ufed  confided  of  two  veffels  of  tinned 
iron,  both  cylindrical,  and  the  one  fomqwhat  larger  than  the 
other.  The  larger  had  a  diameter  of  eleven  inches,  and  into 
it  were  poured  the  fubjeds  of  the  trial,  to  different  depths  on 
different  occasions.  The  fmaller  was  ten  and  a  half  inches 
in  diameter.  By  three  hooks  it  was  fufpended  within  the 
larger  pan,  in  fuch  a  manner,  that  the  bottom  of  it  exa&Iy 
readied  and  came  in  contad  with  the  furface  of  the  fluid. 
1  his  fmaller  veflel  became  the  fource  of  the  heat,  by  being 
filled  with  boiling  hot  water.  The  w'aler  w'as  changed  fre¬ 
quently,  care  being  taken  to  avoid,  by  the  ufe  of  a  fyphon, 
all  agitation  and  diflurbance. 

In  experiments  of  this  nature,  the  difficulty  is  to  prevent 
the  conveyance  of  caloric  by  the  tides  of  the  veflel.  I  at¬ 
tempted,  and,  I  think,  I  fucceeded,  in  overcoming  this  diffi¬ 
culty,  by  encircling  the  larger  veflel,  as  a  height  exadly  cor- 
refponding  with  that  of  the  furface  of  the  fluid  within,  with 
a  gu I  ter  or  channel  about  hal  i  an  inch  in  depth ;  and  by  cau  ling 
a  ft  ream  of  cold  water  to  flow  conftantly  through  a  fyphon  inti* 
this  gutter,  while  from  the  oppofite  fide  it  ran  off  by  a  fmall 
fpout.  ' 

The  water  was  feveral  degrees  colder  than  the  fubjeft  of  the 
experiment;  and  keeping  cool  the  portion  of  the  veflel  with 
which  it  was  in  confaft,  it  intercepted  the  heat  that  would 
Otherwife  have  travelled  by  this  route  to  the  bottom. 

For  mercury  I  had  recourfe  to  veffels  of  glafs. 

Jn 
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In  all  the  experiments  a  thermometer  bore  teflimony  that  the  In  all  the  expe- 

r  ,,  r  i  n  •  i  riments  the  heat 

caloric  defcended  from  the  tarface  to  the  bottom  ot  the  tiaul,  <|efcended 
and  demonftrated,  at  lead  to  my  conviction,  that  fluids  can 
conduct  heat. 

The  progrefs  of  the  heat,  however,  was  very  flow,  and 


attefled  the  important  fa6t,  for  which  we  ought  to  be  thank¬ 
ful  to  the  Count — That  fluids  are  very  bad  condu6tors. 

The  fecond  fet  of  experiments  was  calculated  to  examine, 
in  a  very  different  manner,  the  pofition,  That  all  interchange 
and  communication  of  heat  between  the  particles  of  fluids  is 
impoffible. 

When  a  hot  and  a  cold  fluid  are  mixed  together  and  well  Other  expefrt- 

.  ,  -  .  i  i  "  -m  •  v,  ments  of  mixing 

agitated,  very  foon  an  uniform  is  produced,  inis  equality  flu*lds. 
muft  proceed  either  from  a  communication  of  heat  from  the 


warmer  to  the  colder  fluid,  agreeably  to  the  common  opinion. 


or  from  a  perfect  intermixture  of  hot  and  cold  particles,  ac¬ 
cording  to  the  notion  of  Count  Rumford.  To  which  caufe  it 
ought  to  be  attributed,  I  conceived  I  might  difcover,  by  ascer¬ 
taining  whether,  after  fuch  an  intermixture,  any  reparation  ot 
the  hot  and  cold  portions  took  place.  If  the  equilibrium  of 
temperature  be  owing  to  intermixture  without  interchange  of 
caloric,  the  hotter  particles,  as  foon  as  the  agitation  ceafes, 
ought,  by  reafon  of  their  greater  rarity,  to  accumulate,  to  a 
certain  degree,  at  thefurface,  and  there  exhibit  a  temperature 


above  the  common  one. 

I  firff  tried  water,  and  mixing  this  fluid  boiling-hot,  with  When  hot  and 
an  equal  quantity  nearly  ice-cold,  in  a  floppered  glafs  jar,  I  ^J^ey^ac. 
(hook  them  well  for  a  fhort  time.  quire  a  common 

I  then  noticed  the  refulting  temperature,  and  raiflng  the  temperature 

,  „  '  ,  *  r  T,  ,  throughout,  and 

ball  of  the  thermometer  towards  the  turface,  1  had  an  oppor-  never  feparate» 
tunity  of  obferving,  that  it  never  rofe  the  fmallefl  portion  of 
a  degree  above  the  common  temperature  which  had  been  efla- 
blifhed. 

I  next  made  a  fimilar  experiment  with  alcohol,  fele&ing  it  The  fame  affed 
on  account  of  its  remarkable  dilatability.  I  thook  well,  for  v'1'" 

half  a  minute,  a  mixture  of  equal  parts  of  alcohol  at  tempe- 
40°  and  at  temperature  170°.  The  refulting  temperature  of 
the  mafs  was  140°. 

Now,  if  this  was  a  mixture  of  particles  at  40°  and  at  170°, 
as  the  difference  of  fpecific  gravity  between  the  fluid  at  thefe 
temperatures  is  very  conflderable,  fome  reparation  of  the  warmer 
Vol,  XII, — Supplement.  A  a  and 
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Count  Rumford 
remarked  that 
the  mixture 
might  be  too 
complete  to  al¬ 
low  of  repara¬ 
tion  : 


*ut  oil  and 
water  do  acquire 
the  common 
temperature  by 
mixture,  and 
exhibit  the  fame 
when  feparate. 


£xp.  4.  The 
tall  jar  of  Exp. 
3,  containing 
water  at  40% 
was  cooled 
round  its  lowtr 
fjrt  by  ice  and 
fait. 

The  tempera¬ 
ture  fell  as 
quickly  at  top 
aj  at  bottom ; 


and  lighter  particles  from  the  others,  ought,  I  conceive,  to 
have  taken  place.  The  temperature  of  the  top,  however, 
never  indicated  the  arrival  of  warmer  particles.  It  never  af- 
cended  above  the  point  of  equilibrium. 

from  thefe  experiments  I  concluded,  that  the  uniformity 
ot  temperature  was  eflablifhed  by  an  a&ual  communication 
and  interchange  of  heat  between  the  particles. 

It  may  not,  however,  be  improper  to  date,  that  Count 
Rumford,  with  whom  feveral  years  ago  I  had  the  pleafure 
ot  converting  upon  this  tubjedt,  alledged,  that  the  inter¬ 
mixture  mighty  be  fo  complete  as  to  prevent  any  feparation 
whatever. 

It  it  be  a  property  eiTential  to  fluidity,  that  heat  cannot  pafs 
from  one  particle  to  another,  the  particles  of  different  fluids 
ought  to  be  equally  incapable  of  imparting  caloric  mutually  to 
each  other.  Unfortunately,  however,  for  the  (peculation,  the 
the  caloric  is  fo  communicated  Though,  a  priori ,  I  enter¬ 
tained  no  doubts  refpe<5ting  the  refult  of  the  experiment,  I 
poured  a  quantity  ot  olive  oil  which  had  been  heated  by  im- 
merfion  in  a  vetTel  of  boiling  water  for  half  an  hour,  upon  an 
equal  volume  of  water  of  38°,  and  agitated  the  mixture,  by 
fhaking  for  a  quarter  ot  a  minute.  The  common  temperature 
produced  was  7  8°,  and  the  heat  had  gone  from  the  oil  into  the 
the  water ;  for  when  the  fluids  feparated,  and  had  arranged 
themfelves  according  to  their  fpecific  gravity,  both  of  them  had 
the  fame  temperature  of  7SW  *. 

The  experiments  ot  the  two  deferiptions  now  recorded,  left 
on  my  mind  little  doubt  that  the  Count  had  overtrained  his 
conclufions. 

f  Exp.  IV.  I  took  the  fame  tall  jar,  and  topping  the  tubu* 
lature  with  a  cork,  I  tiled  it  with  water  of  temperature  40p, 
and  placed  it  in  a  pan  After  fufpending  two  thermometers, 
as  in  experiment  firt  and  fecond,  I  poured  a  mixture  of  ice 
and  fait  into  the  pan,  to  the  depth  of  4.2  inches,  the  air  of  the 
room  being  40°,  as  in  the  lat  experiment. 

Bottom.  Top.  Air. 

Eleven  o’clock,  40°  40°  40° 

In  10  minutes,  38-f  38-f- 


*  This  is  alfo  very  flrikingly  the  cafe  with  mercury  and 
water.-— N.  The  text  is  here  relumed. 

In 
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Bottom. 

Top. 

In  20  minutes. 

38° — 

38° — 

on  ... 

*1 

Q7 _ 1 

J  yJ  ~ 

*1  i 

O  / 

—  40 - 

36 

36 

—  60 - 

3  5.5 

35.5 

—  so - 

35 

35 

-  100 

34.5 

35 

-  120 

34— 

34 

—  8  hours, 

34— 

34 

A  cruft  of  ice  began  to  form  on  the  infide  o'  the  glafs 
when  the  water  in  the  axis  of  the  bottom  and  of  the  top  was 
at  36°.  In  the  courfe  of  the  experiment,  it  became  at  leaft 
an  inch  thick. 

We  learn  from  this  experiment,  that  cold  applied  tothe  lower 
part  of  a  cylinder  of  water,  nearly  18  inches  long,  and  having 
the  temperature  of  40p,  is  a&ually  as  fpeedily  perceived  at  the 
fummit  as  in  the  axis  of  that  part,  on  the  external  furface  of  whence  It  le 
which  it  immediately  a<5ts.  As  fluids  condu6t  heat  fo  very  tar-  Retooled  water 
dily,  this  can  only  arife  from  currents  of  cooled  water  afcend-  afcended  from 
ing  from  the  bottom,  and  thefe  cold  currents  cannot  move  up- 1 ^te rarity 
wards,  were  not  the  water  of  them  fpecifically  lighter  than  that  below  40°$ 

©f  the  incumbent  warmer  fluid. 

The  water,  therefore,  which  at  the  bottom  is  cooled  by  the 
contiguous  frigorific  mixture,  muft  be  expanded  by  the  lofs  of 
caloric. 

This  experiment  fecures  full  force  to  the  laft,  as  it  obviates  and  the  okjec- 
the  objedion  already  noticed,  and  alfo  precludes  another.  I 
have  already  ftated,  that  it  may  perhaps  be  alledged,  that 
the  fluid  at  the  top,  in  experiment  third,  though  cooled 
to  32°  did  not  defcend,  becaufe  below  40°,  the  contra&ion 
is  fo  trifling,  that  it  does  not  occafion  a  difference  of  fpe- 
cific  gravity  fufftciently  great  to  caufe  the  particles  to  defcend, 
when  oppofed  by  the  inertia  and  tenacity  of  the  fluid  through 
which  they  have  to  fall :  or  it  may  be  conceived,  that  the 
defcent  is  fo  tardy,  that  time  is  given  to  the  ambient  air  or 
fubjacent  fluid  to  furnifh  heat  enough  to  raife  the  temperature 
of  the  defending  ftream,  and  by  that  arreft  it  in  its  downward 

courfe.  ,  , 

But  from  the  particulars  above  recorded,  it  is  manifeft,  that 
the  change  of  denfity  between  the  temperature  of  32°  and 
40°  is  quite  fufficient  to  put  into  motion  the  particles,  and  to 

\  a  2  enable 
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enable  them  to  overcome  the  obftacle  arifing  from  Inertia  and 

tenacity,  and  to  withftand  the  arrefting  effeCts  of  atmofpheric 

heat. 

I  hough  thefe  experiments,  and  fome  others  of  a  fimilar  na¬ 
ture,  carried  conviction  to  my  mind,  and  perfectly  fatisfied  me 
refpecting  the  reality  of  the  anomaly  of  water,  I  determined  to 
vary  fomewhat  the  mode  of  making  the  experiment,  fo  as  to 
obtain  Hill  more  firiking  refults. 

Another  ex-  bor  the  filth  experiment,  I  ufed  an  apparatus  which  confided 

ftill^ler  jar^  3  a  taller  jar.  It  was  21  inches  high,  and  4  in  diameter. 

2i  inches  high.  I  adjufted  at  the  middle  of  its  height  a  perforated  bafon  of  tin¬ 
ned  iron,  2  inches  in  depth,  and  10  in  diameter.  As  this  bafon 
embraced  the  middle  of  the  jar,  I  could,  by  filling  it  with 
hot  water,  or  a  frigorific  mixture,  apply  heat  or  cold  to  the 
middle  portion  of  the  fluid  in  the  jar,  and  thence,  by  the  ther¬ 
mometer,  learn  what  courfe  the  heated  or  cooled  fluid  fiiould 
•  •  take. 


Exp.  5.  The  Exp.  V.  I  filled  the  jar  with  water  at  32°.  I  placed  it 

jaf^s"fin”ded  up0n  feveral  l0,ds  ot  thick  carpet,  prcvioufl)-  cooled  lo  fhe 
with  ice-cold  lame  degree.  I  be  air  of  the  room  going  from  33°  to  35°, 
water.  Heat  I  introduced  two  thermometers,  as  in  experiments  firft  and 
xone  of  two  lecond.  I  then  poured  water  of  temperature  68°  into  the 
inches  near  the  bafon,  and  by  means  of  a  fpout  arifing  from  the  fide  of  it. 

of  warm  water  a*  a  vP'100  connected  with  a  relervoir  of  water  at  the 
in  acircumam-  temperature  now  mentioned,  I  renewed  the  contents  of  the 
•  •  e^"e  *  balon  frequently,  but  without  caufing  any  agitation. 


Thetemperature 
rofe  below  to  36° 
but  remained 
unchanged  at 
top  :  but  after 
the  lower  water 
had  attained  39'* 
it  became  fta- 
tionary,  and  the 
temperature  at 
top  foon  rofe  to 
48.° 


Bottom. 

Top. 

Air. 

At  commencement 

,  32° 

32° 

33-35 

In  10  minutes. 

35 

32 

—  15 

36  — 

32 

20 

36-f 

32 

—  2.5 - - 

37 

33 

—  30 - - 

38 

33 

***  From  this  time  I 

38 

38  + 

33 

charged  the  bafon  with 

—  45 - - 

>  y  > 

39- 

33 

water  of  temperature 

—  50 - - 

•  1  4  > 

39-f 

44 

88°,  and  renewed  it  • 

55 

39  + 

<15 

frequently. 

—  60 - 

. 

3y+ 

48 

Nothing  ean  be  more  decifive  w ith  regard  to  the  queftion 
in  ditpute,  than  the  particulars  of  this  experiment.  Heat  is 


applied 
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applied  to  the  middle  of  a  column  of  ice-cold  water.  The 
heated  portion  has  an  equal  (hare  of  the  column  of  cold  fluid 
above  it  and  beneath  it.  There  is  nothing  to  determine  its 
courfe  in  one  dire&ion  or  another,  excepting  its  a6tual  change 
of  deniity.  , 

The  thermometer  evinces  that  the  warm  current  fets  down-  Whence  It  Is 
wards,  and  carries  the  increafed  temperature  to  the  bottom,  ^^current  of 
There,  this  inftrument  indicates  the  focceflive  rile  of  feveral  water  between 
degrees,  before  the  furface  indicates  the  fmalleft  acquifition  dcftende<?  be?* 
of  heat.  caufe  denjer  and 

The  inference  is  plain,  that  the  cold  water  iscontra£ied  by  t^iat  when  the 

the  heat*  more  than  39  + 

The  change  of  the  efteft  of  heat  is  equally  wrell  illuftrated  the  warm  cur- 

by  (his  experiment.  btcaufc 

No  fooner  did  the  inferior  portion  attain  the  temperature  of 

39°,  than  the  heated  fluid  altered  its  courfe,  and,  by  afcend- 

ing,  carried  the  increafe  of  temperature  very  rapidly  to  the 

furface,  fo  that  it  foon  furpafled  the  bottom,  and  continued  to 

rife,  while  the  other  remained  flationary. 

Exp.  VI.  I  filled  the  jar  ufed  in  the  laft  experiment  with  Exp.  6.  The 

water  of  temperature  39fQ,  the  air  and  the  fupport  being  at  fii^dwflh  water 

39*.  Difpofing  the  thermometers  in  the  ufual  manner,  I  in-  at  39*°  and  a 

troduced  a  mixture  of  fnow  and  fait  into  the  bafon.  freezing  mix¬ 

ture  applied  to 

the  middle  zone. 

The  fluid  at 

bottom  was 

fc-trcely  changed* 

but  that  at  top 


• 

Bottom. 

Top. 

Air. 

At  commencement. 

39.5 

39.5 

39* 

In  10  minutes. 

39  + 

38  + 

—  25  - - - 

39  + 

36.5 

At  this  time 

—  35 - 

39 

36- 

ice  began  to  be 

—  55 - 

39 

35 

formed  the 

1 —  an  hour  and  10  min. 

39- 

34  + 

fide  of  the  vef- 

• - —  35 

39- 

34- 

fel. 

1 —  2  hours. 

39- 

33  + 

This  experiment  fpeaks  in  as  decided  language  as  the  pre-  So  that  the 
ceding.  It  thows  that  when  a  portion,  in  the  middle  of  a  water  cooje|j.^ 
column  of  water  at  temperature  39.5  is  cooled,  the  colder  rifely  ex  pan¬ 
fluid  rifes,  and  does  not  defcend  through  the  warmer  mafs,  Aon. 
and  prefents  the  unequivocal  demonfiralion,  that  water  of 
temperature  39^°  is  actually  expanded  by  lofing  heat. 

The  different  experiments  which  I  have  in  detail  recorded, 
agree  perfectly  with  each  other  in  the  evidence  they  give 

relative 
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The  general  fa£l  relative  to  the  fubjefl  of  inquiry.  The  general  import  ot 

is,  that  hear  them  is,  that  water  which  is  ice-cold,  or  a  few  degrees 

water  to  contrail  warmer,  when  heated,  becomes  fpecifically  heavier, — that 

to  40°,  and  water  of  40°  when  heated  becomes  fpecifically  lighter, — 

— ^ t  ^ t? x* vv dr d  5  ^ 

e.^and.  that  water  above  40°,  by  the  lofs  of  heat,  or  by  cold,  is 

rendered  fpecifically  heavier  j  and  that  water  below  40°  is, 

by  the  fame  caufe,  rendered  fpecifically  lighter. 

Such  being  the  general  import,  the  conclulion  is  irrefiflible, 
that  heat,  in  low  temperatures,  caufes  water  to  contract,  and 
at  fuperior  temperatures  to  expand.  The  opinion,  therefore, 
is  founded  in  truth,  that  water  poflefles  a  peculiarity  of  con- 
flitution  in  relation  to  the  effefts  of  caloric,  and  that  it  is, 
within  a  (hort  range  of  temperature,  an  exception  to  the 
general  law’  of  “  expanfion  by  heat.” 

The  greatdl  So  far  as  I  can  judge  from  thefe  experiments,  I  am  dif- 
denfuy  lies ;  be-  p0fe(j  to  believe  that  the  point  at  which  the  change  in  the 
40®.  conftitution  of  this  fluid  in  relation  to  heat  takes  place,  lies 

between  39|°,  and  the  40th  degree. 

I  am  not  at  prefent  aware  of  any  objection  to  the  method  I 
have  followed  in  eftablifhing  this  fingular  anomaly,  and  in  re¬ 
moving  any  doubts  which  may  have  arifen  from  the  unavoid¬ 
able  influence  which  the  inftrument  muft  have  in  the  mode  of 
conducing  the  inveftigation  that  had  previoufly  been  adopted. 
Thefe  expeii-  The  plan  of  operation  above  deferibed,  however,  only  af- 
ments  ihew  the  certains  the  fa£t ;  it  gives  no  data  for  afeertaining  the  amount 

nature  of  the  _  ,  .  ,  ° 

change,  but  not  °*  the  anomalous  effect  of  heat. 

I  have  already  fiated,  that  M.  de  Luc  alledged,  that  from 
cxpTnfions^nd  the  temperature  of  41°,  the  expanfion  occafioned  by  cold 
contractions  be  was  very  nearly  equal  to  that  produced  by  the  fame  number 

qual  intervals  degrees  °f  heat  >  and  confequently  that  water  pofTeffes  the 


from  40 


o  ? 


fame  denfity  at  any  given  number  of  degrees  of  temperature 
above  and  below  41°.  The  firft  experiments  of  Mr.  Dalton 
appeared  to  confirm  this  opinion,  and  to  enlarge  the  range  to 
which  it  applied,  by  extending  it  to  temperatures  as  far 
below  32°,  as  water  allows  itfelf* to  be  cooled  before  it  begins 
to  freeze.  From  one  circumftance  that  conftantly  occurred , 
I  am  inclined  to  think,  that  the  amount  of  the  dilatation  by 
cold  is  inferior  to  that  caufed  by  heat. 

During  the  heating  or  cooling  of  water  below  40°,  the  dif¬ 
ference  of  temperature  between  the  top  and  bottom  of  the 
fluid  was  lefs  than  what  occurred  during  the  cooling  or  heat¬ 
ing 


CONTRACTION  OF  WATER  BY  HEAT. 


35$ 


ing  of  the  fluid  through  the  fame  number  of  degrees  above 
it ;  and  I  conceive  that,  when  other  circumftances,  but  par¬ 
ticularly  the  rate  of  the  change,  are  alike,  the  difference  of 
temperature  between  the  upper  and  lower  parts  of  the  fluid, 
as  it  depends  upon,  may  prove  a  meafuie  of  the  difference  of 
denfity; 

Alcohol,  when  heated  or  cooled,  prefen ts,  by  reafon  of  its 
greater  expanfibiiity,  a  greater  difference  of  temperature  in 
thefe  fituations  than  water;  and  upon  the  fame  principle  I 
infer,  that  water  from  40°  is  more  expanded  by  an  equal 
number  of  degrees  of  elevation  than  of  depreflion. 

As  the  concurrence  of  the  teftimony  of  the  experiments  it  is  a  difficult 

above  related  with  the  general  opinion,  will  probably  remove  Pr°f>lem  to  ex- 
,,,  /  rs-  .  „  r  _  .  .  plain,  how  thefe 

every  doubt  relpectmg  the  matter  of  fact,  it  remains  a  very  contrary  change* 

difficult  problem  for  thofe  who  are  fond  of  philofophical  in-  by  heat  are 
vefligation,  to  explain  how  heat  (hall  occafion  in  the  fame  eftLt"*ed* 
fluid,  without  producing  any  alteration  of  mechanical  form 
of  chemical  condition,  at  one  time  contraction  and  at  another 
expanfion,  and  to  reconcile  the  contraCtive  effect  to  the  con¬ 
ceived  notions  of  the  mechanifm  of  the  operations  of  this 
energetic  agent. 

When  heat  caufes  expanfion,  it  is  imagined  to  aCi  by  indue-  The  quefllon 
ing  a  repulfion  among  the  particles  of  bodies,  wffiich,  oppofing  ftatcd* 
and  overpowering  the  cohefive  attraction,  caufes  the  particles 
to  recede. 

In  what  manner,  then,  the  addition  of  heat  can  occafion,  or 
allow,  the  particles  of  water  to  approach  each  other,  and  how 
the  fubtraCtion  of  it  can  make  them  retire  to  a  greater  diftance, 

I  confefs  I  can  in  no  meafure  comprehend. 

An  explanation,  abundantly  plaufible  at  firft  view,  very  S*r  Charles 
readily  fuggefts  itfelf  to  every  one  who  is  aware  of  the  great  potion 
and  forcible  expanfion  which  happens  to  this  fluid  at  the 
moment  of  its  congelation.  It  it  flated  by  Sir  Charles  Blag- 
den,  in  the  paper  already  quoted. 

The  remarkable  dilatation  which  water  experiences  at  the  As  water  ex- 
inflant  of  being  converted  into  ice,  is  very  generally  aferibed,  b^virtue'eT a'"2 
and  I  prelume  very  properly,  to  a  new  arrangement  which  the  new  arrange- 
particles  aflume,  determined  probably  by  their  polarity  ;  by  particles  ^ 
which  one  fide  of  the  particle  A  is  attractive  of  one  fide  of  B, 
while  it  is  repulflve  of  another. 


Now, 


%) 
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inent  and  the 
ex  panlion  may 
begin  before 
foJidity  enfues, 


and  the  con 
tury,' 


it  is  probable,  .  N°W'  if  this  polarity  operates  with  fo  much  energy  as  to 
that  the  arrange-  impart  almoft  irrefiflible  expanfive  force  at  temperature  32°, 
it  is  reafonable  to  fuppofe  that  it  may  begin  to  exert  its  in¬ 
fluence,  though  in  a  far  inferior  degree,  at  temperatures  fome- 
what  more  elevated.  The  expanfion,  therefore,  that  lakes 
place,  during  the  fall  of  temperature  from  40°,  may  be  im¬ 
puted  to  the  panicles  beginning  or  affe&ing  to  aflume  that 
new  arrangement  which  their  polarity  afligns  them,  in  which 
arrangement  thele  particles  occupy  more  fpace  than  before. 

Again,  when  heat  caufes  water  of  32°  to  contract,  upon 
the  fame  principle,  it  may  be  conceived  to  operate,  by  coun¬ 
teracting  the  fmall  portion  of  the  difpofilion  to  polarity  that 
furvives  the  liquefaction. 

I  am  afraid  that  we  cannot  reft  fatished  with  this  explana¬ 
tion.  We  muft  not  be  deceived  by  the  plaufibility  of  it. 

The  ftate  of  perfe<5t  fluidity  depends  upon  the  circumflance, 
that  the  particles  of  any  body  admit  of  ready  motion  upon 
each  other,  and  that  the  change  of  relative  fitualion  meets 
with  little  or  no  lenfible  refiflance. 

Obje&ion.  This  Water  certainly  poflefles  fluidity  in  a  great  degree,  and  its 

congelation^1  dS  Parbcles  °f  courfe  encounter  but  little  refiflance,  as  they 
ought  to  impair  glide  the  one  upon  the  other.  But  if  thefe  particles  fliall 
the  fluidity  ;  begin  to  exert  any  degree  of  polarity,  by  which  certain  faces 
become  more  difpofed  to  attach  to  each  other  than  certain 
others,  this  tendency  would  neceflarily  oppofe  that  indifference 
with  regard  to  pofition,  which  is  eflential  to  fluidity,  and  of 
courfe  muff  impair  the  fluidity,  and  induce  fome  degree  of 
tenacity  or  vifeidity. 

which  does  not  To  appearance,  however,  water  at  32°  has  its  fluidity  as  per- 
appear  to  be  the  as  at  temperatures  confiderably  elevated.  Unwilling  to 
truft  to  appearance,  where  experiment  might  decide,  I  have 
attempted  in  various  ways  to  afcerta;u  whether  the  water 
fuflers  any  fen  Able  diminution  in  this  refpeft  while  it  is 
expanded  by  cold.  The  following  method  I  deem  the  moil 
correct. 

Experiments  For  the  purpofe,  I  employed  a  gravimeter,  the  one  contriv- 
ed  by  Mr.  NichoJfon  for  difeovering  the  weight  and  fpecific 
gravity  of  iolids. 

This  is  a  convenient  inflrument,  but,  unfortunately,  it  is  by 
no  means  fo  ticldifh  as  a  balance.  Duly  loaded,  fo  as  to  be 
equiponderant  with  the  water  in  which  it  is  plunged,  Mr. 

Nichollon 
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Nicholfon  fays,  it  is  fenfible  to  the  20th  part  of  a  grain 
The  one  I  have,  though  its  (iem  be  flender,  is  fcarcely  fenfible 
to  lefs  than  two  or  three  twentieths  of  a  grain. 

The  want  of  (enfibility  in  the  gravimeter  arifes,  in  a  great 
mealure,  though  not  entirely,  from  a  certain  degree  of  tenacity 
fubfifling  among  the  particles  of  the  fluid ;  and  any  thing  that 
tends  to  increafe  this  tenacity,  muff,  in  the  fame  proportion, 
augment  this  want  of  fenfibility. 

To  afcertain  whether  any  fenfible  change  in  the  tenacity  or  it  rofc  and  fell 
fluidity  accompanies  the  expanfton  of  water  by  cold,  which  the  warm,  and 
theory  requires,  I  examined  the  mobility  of  the  inftrument 
when  immerfed  in  water  at  different  temperatures.  I  fir  ft 
plunged  it  into  this  fluid,  heated  to  between  60°  and  70°, 

Under  due  loading,  which  funk  it  to  the  mark  on  the  ftem, 
it  was  not  fenfible  to  a  weigh!!  lefs  than  two  or  three  twen¬ 
tieths  of  a  grain. 

I  then  tried  it  in  ice-cold  water,  and  found  that  its  fenfibility  in  ice-coMwater 
was  in  no  perceptible  degree  impaired.  The  coldnefs  of  the 
water,  it  muff  be  remembered,  caufes  fome  degree  of  contrac¬ 
tion  or  the  gravimeter.  This  contraction  cannot  fail  to  render 
the  inflrument  in  fome  fmall  meafure  more  fenfible,  and,  fo  far 
as  it  goes,  to  counteract  the  fluggiflinefs  produced  by  any  in- 
creafed  tenacity  in  the  fluid. 

But  as  the  body  of  the  inflrument  is  made  of  glafs,  the  Whence  the 
amount  of  the  contraction  muff  be  very  fmall,  and  the  dianee  \utho,r  c°nclude* 

rr  /-it,  -r  c  •  r  .1 .  .  °  that  the  fluidity 

of  lemibility  arifing  from  it  fo  very  trifling,  as  certainly  by  no  is  not  fenfibly 
means  to  obfeure  fuch  an  effeCt  as  an  increafe  of  tenacity  would  chan£ed* 
occafion.  I  therefore  with  fome  confidence  conclude,  that  the 
fluidity  of  the  water  is  not  feniibly  diminiflied,  and  con¬ 
sequently  that  the  polarity  has  not  begun  to  exert  any  fenfible 
influence;  it  can  fcarcely,  therefore,  be  accounted  the  caufe  ' 
of  the  dilatation. 

*  Perhaps  the  difference  of  fenfibility  in  my  inflrument,  and  that 
of  the  learned  Profeffor,  may  have  arifen  from  a  difference  of 
the  diameters  of  the  ferns.  Mine  was  of  one-fortieth  of  an  inch. 

It  was  well  rubbed  with  a  clean  linen  cloth,  which  rendered  the 
furface  equally  difpofed  either  to  defeend  or  afeend  $  and  the  in- 
ftrument  was  net  judged  to  be  in  equilibrio  with  the  fluid,  except 
when  the  furface  about  the  ftem  was  neither  prominent  nor  de- 
pyeffed.  This  was  eafily  known  by  the  refleCled  image  of  the 
window  frame,  or  other  objeCts  being  feen  clofe  to  the  ffern  with¬ 
out  diftortion. — N. 


r 
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Annotation. — W.  N. 

Sir  Charles  ^  does  not  feem  to  me  that  Sir  Charles  Blagden's  explana- 

ct '  expanfion  o[y  *'on  ^oes  nece^afdy  imply  that  the  fluidity  of  the  mafs  taken 

water  by  heat  as  a  whole,  fliould  be  fenfibly  impaired  when  tried  by  the  ap- 

does  not  fuppofe  plication  0f  a  mechanical  teft.  It  might  be  impaired  in  the 

that  it  fliould  be  r  °  r 

fcfs  fluid.  lame  manner  as  the  whaler  is  afledted  by  mixing  fmall  floating 

fragments  of  a  folid  along  with  it.  When  a  faline  folution 

which  w'ould  become  folid  by  cold,  fuch  for  example  as  the 

fulphate  of  foda,  is  cooled  below  its  point  of  congelation,  the 

cry  Hals'  will  be  differently  formed  according  to  circumflances. 

Inftanceof  cry-  If  the  fluid  be  gently  fhaken  or  made  to  ofcillate,  a  fhower  of 

fe  ri  ng^accordfn g  minute  cr>fials  will  gradually  fall  through  the  fluid  ;  and  the 
to  circumftances.  whole  mafs  will  be  a  confiderable  time  before  the  cryflalliza- 
tion  is  fin  [(lied ;  but  if,  inftead  of  this  method  of  agitation, 
the  glafs  be  fcratched  by  a  quill  underneath  the  fluid,  in  Sir 
Charles  Blagden's  way,  or  if  a  fmall  inftrument,  having  a 
cryflal  of  the  fait  adhering  to  it,  be  dipped  into  the  folution, 
the  cryfials  will  radiate  with  great  rapidity  from  that  centre  of 
perturbation,  and  in  a  few  feconds  the  whole  of  the  folution 
Whence  it  is  will  become  rigid.  This  common  and  very  flriking  experu 

the^efpanrmn  of  ment  c^em'ca^  le&urers,  feems  to  me  to  indicate  at  leaf!  a 
water  by  cold  pofTibility  that  fmall  cryfials  of  ice  may  be  formed  and  float 
may  an fe  from  diftin&ly  from  each  other  in  water,  at  40  degrees  and  lower  : 

minute  ervftats  .  c* 

and  I  think  the  metals  afford  us  a  number  of  inflances  in  which 
a  confiderable  interval  of  temperature  is  found  to  be  between 
the  commencement  of  cryflallization  and  the  folidification  of 
the  whole  mafs.  In  pewterers  folder  the  interval  is  not  lefs 
than  40  degrees.  This  hypothefis  of  fuch  dilfeminated  parti¬ 
cles  of  ice,  which  feems  to  be  nothing  more  than  an  expreflion 
of  Sir  Charles  Blag  den's  theory  in  different  words,  will  explain 
why  the  colder  water  fliould  be  lighter ; — namely,  becaufe  it 
muft  contain  more  ice,  and  alfo  why  the  expanfion  ought  not 
to  begin  but  at  fome  definite  temperature. 

Though  it  does  not  appear  to  me  that  the  theory  of  Sir 
Charles  muft  neceffarily  imply  a  change  in  the  mechanical  re¬ 
finance  of  water  from  what  may  be  called  rigidity;  yet  there 
are  many  other  realons  why  philofophers  fliould  be  defirous  of 
meafuring  the  variations  of  fluidity  in  bodies  :  that  is  to  fay, 
the  greater  or  lefs  facility  with  which  their  parts  are  moved 
Dr.  Hope’s  trial  amongft  each  other.  The  ingenious  attempt  of  Dr.  Hope  to 
"Z*™*'**  ascertain  this  from  the  refiftance  made  by  a  fluid  to  the  perfo¬ 
ration 


minute  cryftals 
af  ice  in  the 
fluid. 


A  meafure  of 
the  greater  or 
lefs  fluidity  of 
bodies  is  very 
defirable. 
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ration  of  its  furface  by  a  cylindrical  folid,  is  liable  to  the  ob-  change  in  the 
jedion  that  it  fuppofes  the  attradion  or  repuHion  between  the  p^fi^between 
folid  and  the  fluid  to  remain  unchanged  by  variations  ot  tern-  the  water  and 
perature  ;  whereas  the  contrary  feems  rood  probable.  The  ^avhnete/  ^ 
doctor's  experiment  mud  be  grounded  upon  a  pofition  that  the 
greater  the  depreflion  or  the  greater  the  elevation  of  a  fluid 
round  a  fmall  cylinder  partly  immerfed  in  it,  the  greater  mud 
be  the  refiflance  from  imperfect  fluidity.  But  thefe  effects  are 
evidently  as  much  governed  by  the  attradion  or  repulfion  of 
the  folid  with  regard  to  the  fluid  as  by  the  refiflance  which  the 
experiments  are  intended  to  meafure.  I  have  fomewhere  read  Water  clocks 
that  water  clocks  and  other  inflruments  for  meafuring  time, 
by  the  paflage  of  water  through  fmall  holes,  go  flower  in  cold  weather  5  be- 
wealher.  This  may  arifefrom  contradion  of  the  hole,  though 
my  author  aferibes  it  to  imperfed  fluidity.  After  fome  medi¬ 
tation  on  this  problem  it  Hill  appears  to  me  to  be  furrounded 
with  difficulties.  Perhaps  it  may  be  one  of  the  belt  methods 
to  fuller  the  fluid  to  drop  from  a  capillary  fyphon  in  different 
temperatures.  I  am  difpofed  to  think  that  the  drops  would  be  Suppofition  that 
fmalleH  and  the  wdiole  quantity  in  a  given  time  greateft  w-hen 

*  J  D  0  drop  from  a  ca¬ 

ttle  fluidity  was  the  mod  perfed,  or  at  leaf!  when  the  adhefion  pilhry  tube  wheR 

of  the  particles  of  the  fluid  to  each  other  was  the  leafi.  But  ^  ^as  moft 

even  here  the  attraction  of  the  fmall  capillary  extremity  of  the 

tube  from  which  the  drop  would  fall  would  require  to  be  con- 

fidered;  and  on  this  account  the  method  would  be  preferable 

(if  fo)  to  Dr.  Hope’s  only  becaufe  the  repetition  of  a  great 

number  of  drops  or  quantity  of  effluent  water  w'ould  give  a 

greater  degree  of  precifion  to  the  refult. 

Is  it  likely  that  the  rope  pump  turned  regularly  a  certain  Will  the  rope 

number  of  turns  in  a  given  time  would  raife  more  water  w'hen 

coldefl  and  leafl  fluid?  If  it  did  not  might  we  not  infer  that  tenacity  or  flu- 

the  fluidity  of  water  is  not  fenfibly  affeded  by  change  of  tem-  ldlty  of  water 
/  J  7  *  hot  or  cold? 

perature  ? 


Objcrvations 
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Wood  fuel  very 
fcarcc  in  Ger¬ 
many. 

Other  matter 
may  be  fubfti- 
tuted  for  it. 

Ungrounded 
prejudices  pre¬ 
vent  the  ufe  of 
turf  for  fuel. 


IT fed  in  Ger¬ 
many  from  the 
moil  remote  pe¬ 
riods. 


Various  errone¬ 
ous  opinions 
formed  of  its 
production  and 

ufe. 

2 ft  That  turf  is 
found  in  veins 
like  metals. 


IX. 

Oljei rations  on  Iurj,  from  the  German  Rathbeger  fur  allc 
Sla?nd.  By  Doctor  Collknbusch, 

T-p  . 

i  is  not  very  probable  that  a  man  placed  befide  a  fountain 
of  pure  water  Ihould  fuller  himfelf  to  die  of  thirfl  through  neg- 
!e<5t  ol  ufing  it,  or  pollening  food  in  abundance,  fhould  not 
appeafe his  hunger  with  it;  neverthelefs  indances  of  this  kind 
are  not  wanting. 

bvery  one  complains  in  Germany  of  the  fcarcily  of  wood 
for  fuel.  It  is  known  that  fubdances  have  been  found  in  other 
places  which  can  fupply  its  place,  and  that  they  have  been 
formerly  ufed  here;  but  all  this  cannot  induce  any  one  to  fearch 
for  turf. 

It  is  eahly  conceived  that  proprietors  of  woods,  through  the 
fear  ol  having  their  profits  diminifhed,  fhould  endeavour  to 
perpetuate  ancient  prejudices,  and  to  extend  the  opinion  that 
the  plague  only  ceafed  its  ravages  fince  the  ufe  of  turf  for  fuel 
lias  been  dilcontinued ;  but  it  is  difficult  to  imagine  that  magif- 
t rates  inltead  ot  encouraging  the  preparation  of  this  fuel,  fhould 
endeavour  to  prevent  thofe  from  doing  fo,  who  vvilhed  to  en¬ 
gage  in  it. 

It  is  very  likely  that  the  difeovery  of  the  ufe  of  turf  as  a 
combulbble  was  lirit  due  to  chance;  and  befides  the  ufe  of 
this  fuel  in  Germany  has  been  continued  from  periods  more  re-, 
mote  than  any  written  documents  extend  to. 

The  principal  caufes  which  have  prevented  the  fearch  after 
turj ,  are  the  erroneous  opinions  which  have  been  formed  of 
the  manner  in  which  it  lias  been  produced,  of  its  preparation, 
and  its  ufe  ;  fonie  of  which  are  as  follow. 

Some  think,  for  example,  that  turf  has  been  formed  at  the 
moment  of  the  creation,  fuch  as  it  is  now  found  in  the  earth, 
and  that  there  are  veins  of  turf,  as  there  are  of  iron,  copper, 
tin,  and  other  metals;  but  experience  proves  thefalfityof  this 
opinion,  for  there  is  found  in  almoft  all  parts  of  Germany  turf 
covered  with  more  or  lefs  earth,  (if  only  a  proper  fearch  be 
made  for  it)  beneath  which  layers  of  trees  may  be  feen,  which 
proves  that  there  formerly  were  forefts  in  the  fame  places. 

Others 
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Others  believe  that  at  the  time  of  the  deluge  vaft  forefts  were  That  it^was 
■overthrown,  and  afterwards  covered  with  herbs,  reeds,  and  <jelug$. 
other  plants,  and  that  thefe  vegetables  having  rotted  by  de¬ 
grees,  became  at  lad  this  black  combuflible  mafs  reiembling 
earth,  which  mud  have  required  an  enormous  quantity  of  ve¬ 
getables,  as  plains  of  many  leagues  fquare  are  found  covered 
with  beds  of  it  to  the  depth  of  more  than  25  feet,  beneath 
which  trees  are  difcovered  of  great  hardnels,  and  almoft  pe¬ 
trified. 

Others  imagine  that  it  is  more  probable  that  the  fea  tranfport-  3d  ThJt  It  was 
ed  the  materials  of  the  turf  from  the  weftern  countries  to  the 
eaflern,  and  covered  with  them  the  trees  which  are  found  weft, 
buried  beneath  the  turf.  It  is  very  true,  that  thefe  trees  have 
their  roots  turned  towards  ihe  weir,  and  their  heads  to  the  eaft. 

But  then  it  is  ditlicult  to  explain  how  this  fubflance  could  be 
carried  to  countries  didant  from  the  fea,  and  even  to  the  tops 
of  the  highed  mountains  in  upper  Saxony,  on  the  Brocken  and 
the  Alps. 

Many  perfons  are  of  opinion  that  torrents  and  rivers  have  4th  That  it  was 

drawn  together  and  depofited  leaves  and  branches  of  trees  on  down 

the  low  grounds,  and  that  they  have  thus  accumulated  the 

condituent  elements  of  the  turf;  but  this  cannot  take  place  in 

countries  in  which  no  large  rivers  are  found,  nor  on  high 

mountains.  The  microfcope  clearly  fhews  that  turf,  efpecially  The  microfcope 

that  kind  which  is  from  the  furface  of  the  earth,  is  compot'ed  com" 

.  poled  of  vegeta- 

of  modes,  herbs,  rufhes,  and  other  vegetables,  and  their  roots  ble  fibres, 
drongly  interlaced,  of  which  the  greated  part  is  changed  into 
earth. 

Paper  has  actually  been  compofed.from  turf,  and  the  water  Paper  made  from 
which  has  fettled  in  turbaries  is  ufed  to  tan  leather,  which  tanned ^Ty^its 
proves  that  it  is  principally  compofed  of  vegetables.  Chemi-  water, 
cal  refearches  have  alfo  difcovered  in  it  a  mineral  refin  which 
principally  promotes  its  combuftibility.  It  appertains  then 
partly  to  the  vegetable,  and  partly  to  the  mineral  kingdom. 

Turf  maybe  produced  artificially,  by  digging  trenches  6  Turf  produced 

feet  deep,  and  from  15  to  20  feet  fquare  ;  the  trenches  become 

filled  with  water,  and  produce  the  drd  year  a  green  flimy  mofs,  wide  trenches, 

the  fecond  year  this  mofTy  vegetation  covers  the  water  to  the  wluch  UP  by 
J  j  r>  t  vegetation. 

height  of  two  feet,  and  a  great  quantity  of  filaments  are  dif¬ 
covered  in  it  mixed,  with  leaves  and  flowers,  in  the  third  year 
a  ftratura  is  eftabhfhed,  which  attrafts  the  daft  and  the  feeds 

which 
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Which  float  in  the  air,  and  engender  a  quantity  of  marfli  plant?, 
ot  reeds,  and  of  herbs,  which  (he  fourth  year  become  fo  heavy 
that  they  fall  to  the  bottom.  They  then  become  comprefled 
there,  and  by  iucceflive  repetitions  of  this  operation,  all  the 
trench  becomes  filled  up  in  the  eourfe  of  .30  years;  however 
this  turf  would  probably  require  100  years  before  it  would 
equal  the  ancient  turf. 

Three  fpecies  of  Although  this  turf  is  always  the  fame  in  its  conftituent  parts, 
it  neverthelefs  differs  in  having  thefe  parts  varioufly  mixed, 
which  occations  its  being  divided  into  three  fpecies.  The 
i ft  The  furface  firft  comprehends  the  furface  turf,  and  is  the  mod  common 
tUfk  kind  ;  it  is  found  almoft  every  where;  but  it  contains  in  fome 

places  more  combufiible  matter,  which  makes  its  colour  vary. 
Found  wherever  This  fpecies  is  always  fure  to  be  found  wherever  places  are 
an dls  Covered S  difeovered  where  the  water  fiagnates,  whether  on  plains,  ele- 
with  weeds,  rations,  or  declivities,  in  fuch  a  manner  as  to  forma  thick 
blueifli  crufi,  and  depofits  a  yellow  mud  ;  or  where  the  foil  is 
covered  with  mofs,  reeds,  ruflies,  or  ridges;  and  if  at  the 
fame  time  the  feet  of  the  paflenger  finks  into  the  loofe  foil,  if 
and  where  trees  the  earth  bends  beneath  his  feet;  if  trees  are  perceived  (which 
covered  wuh^  are  commonly  little  pines  or  fir  trees,  or  fometimes  other  kinds 

up-rooted  by  the  trees>)  covered  with  much  mofs,  inclined  to  one  fide,  and 
wind.  half  rooted  up  at  the  other  by  the  wind  ;  in  all  thefe  places  turf 

will  be  found  near  the  furface,  and  it  is  only  neceflary  to  re¬ 
move  the  fod  to  perceive  it.  But  this  operation  may  be  per¬ 
formed  more  quickly  and  eafily  with  the  Englifh  borer,  which 
alfo  will  (hew  the  depth  of  the  bed. 

To  procure  it  To  procure  the  turf,  the  water  fliould  be  drained  off,  which 
is  eafy  to  do  if  the  country  is  elevated  or  has  valleys  in  its  vi¬ 
cinity  ;  but  the  operation  is  more  difficult  when  the  earth  is 
level.  As  perfons  are  not  always  to  be  found  capable  of  tak¬ 
ing  the  levels  of  ground,  the  places  fliould  be  remarked  where 
the  water  fettled  in  fpring  when  the  fnow  melts ;  thefe  places 
Eafy  method  of  fliould  be  marked  by  itakes,  and  afterwards  the  trenches  fliould 

finding  the  de-  be  made  to  pats  this  way  which  are  to  be  dug,  to  let  the  water 
feent  for  the  .  it  <  , 

drains.  '  run  off- 

Method  of  pre-  To  cut  the  turf  an  iron  fpade  is  ufed,  which  fhould  be  nei- 
paring  the  fur-  ther  round  nor  pointed,  but  terminating  in  a  ftraight  line; 

this  fliould  beferewed  down  as  far  forwards  as  poflible,  along 
the  fide  of  a  firetched  cord,  by  a  line  14  inches  long  and  fix 
broad  ;  the  detached  part  is  feparated  from  the  depth  of  three 

inches 


the  water  thould 
be  drained  off  . 
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inches,  at  two  ftrokes  of  the  fpade,  to  the  length  of  16  inches, 
and  4|  inches  broad,  and  this  piece  of  turf  is  afterward  di¬ 
vided  in  two. 

In  order  that  the  pieces  of  turf  may  dry  quickly,  they  thould  Method  of  dry* 
be  placed  on  planks,  and  difpofed  to  that  the  air  might  freely  in£>  lf* 
circulate  between  them,  and  that  they  could  receive  the  rays  of 
the  fun. 

0 

When  the  turf  is  thus  dried  to  a  certain  degree,  it  is  placed  Should  not  be 
under  {beds  to  compleat  the  drying;  for  if  it  was  expofed  to  fn^h/fun^^ 
the  fun  till  it  was  entirely  dry,  it  would  lofe  its  ftrength  and 
burn  like  draw. 

It  is  alfo  difad vantageous  to  cut  a  large  provifion  of  it  for  or  kept  too 
many  years,  for  the  lad  made  is  always  the  bed.  The  upper  Upper  and  lower 
and  lower  beds  are  alfo  obferved  to  be  of  inferior  quality  to  beds  of  it  the 
thofe  in  the  midft  ;  the  bed  turf  is  that  of  a  brown  colour  in-  £ind  darlc 
dining  to  black,  is  heavy,  and  its  texture  is  traverfed  by  a  brown  and 
fmall  quantify  of  roots;  Irhis  kind  produces  a  drong  and  lading  heav7* 
fire,  and  its  fmell  is  very  fupportable.  The  more  it  is  of  a  Bright  brown  or 
bright  brown  colour,  the  greater  numberof  roots  in  it,  and  the 
lighter  it  is,  the  worfe  is  its  quality.  This  fort  confumes  more 
fpeedily,  and  may  ferve  to  advantage  where  a  quick  fire  is 
wanted;  its  odour,  it  is  true,  is  very  difagreeable,  but  itsafhes 
are  excellent. 

The  turf  which  inclines  to  a  grey  or  yellow  colour,  and  Greyer 
which  is  mixed  with  reed,  is  always  the  'word  fort,  but  always 
good  enough  to  heat  kilns  or  ovens,  and  its  afhes  are  good; 
this  fpecies  is  feidom  found  below  the  depth  of  two  ells ;  it  is 
reproduced  after  feveral  years. 

The  fecond  fpecies  of  turf  is  the  crumbling  turf  (moder-torf) ,  Second  fpecies, 
this  kind  is  found  more  abundantly  in  Holland;  its  cutting  and  tt^crumb,ing 
preparation  require  much  more  pains  than  the  furface  turf. 

The  third  fpecies,  or  the  mountain  turf,  is  dug  up  from  pits  Third  fpecies,  ~ 
and  galleries,  and  is  reduced  to  regular  forms  like  the  preced-  thynountato  .  ^ 
ing  kind. 

It  is  objected  to  the  ufe  of  turf  that  it  cannot  be  employed  Wood  not  pro¬ 
as  a  fubftitule  for  wood  in  all  the  places  where  wood  is  burned;  P,e,r  f°r  fuel  in 

.  r  .  all  cafes  rr*or* 

but  it  (hould  not  be  forgotten  that  wood  ltlelt  is  not  fit  for  every  than  turf, 
work  where  fire  is  required;  that  in  order  to  be  employed  in 
founderies  it  mu  ft  be  charred  with  much  trouble,  and  with  a 
lofs  of  two  thirds  of  its  weight,  and  that  wood  as  well  as  turf, 
is  of  different  qualities  and  produces  different  effe&s. 
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Turf  may  be 
charred. 


Advantages 
from  tire  ufe  of 
turf. 


Cabbages,  &c. 
may  be  planted 
where  it  has 
been  extra&ed. 


Its  ufe  admits  of 
having  more 
manufactories 
where  fire  is 
tifed. 


AFPINTTIES  OP  COMPRESSED  GASES. 

Turf  is  alfo  fufceptible  of  amelioration,  efpecially  the  fur* 
face  turf,  l he  crumbling  turf,  and  the  mountain  turf  likewife ; 
for  it  may  be  reduced  to  charcoal,  and  will  thus  ferve  for  every 
work  which  requires  fire;  and  in  this  cafe  it  yields  neither  fmell 
nor  fmoke.  1  he  more  ftrongly  the  turf  is  compreffed  before 
its  carbonization,  the  more  excellent  is  the  charcoal. 

To  compenlate  for  the  inferiority  of  turf  to  wood,  granting 
that  it  is  inferior,  its  ufe  will  prevent  the  great  price  which 
will  otherwife  neceffarily  be  paid  hereafter  for  timber  for  build- 
ing,  and  will  admit  of  the  woodlands  being  proportionally  re¬ 
duced;  the  places  alfo  where  the  furface  turf  has  been  dug  up, 
if  it  has  not  been  from  too  great  a  depth,  may  ferve  for  fix¬ 
ations  wherein  to  plant  cabbages,  beets,  and  madder,  or  they 
will  ferve  for  fi fh  ponds.  7  he  ufe  of  turf  will  admit  of  thfe 
multiplication  of  manufactories  w’htch  ufe  fire,  of  mines  and 
forges;  aged  perfons  and  children  may  be  employed  in  pre¬ 
paring  it ;  its  afhes  form  a  good  manure,  and  the  mould  which 
falls  from  it  may  eafily  be  converted  into  afhes. 


X. 

Experiments  on  the  remarkable  Effects  which  take  place  in  the 
Gafes,  by  Change  in  their  Habitudes ,  or  elective  Attractions , 
when  mechanically  comprejjed.  By  Thomas  Northmorf, 
Ejq.  In  a  Letter  from  the  Author . 


To  Mr.  NICHOLSON. 

Dev  071/hire  Street ,  Portland  Place, 
SIR>  Dec .  17,  1805. 

The  au tfrttr’s  It  was  my  intention  to  have  poftnoned  troubling  you  with 
publication.  the  following  experiments  upon  the  condenfation  of  the  gafes, 
until  I  had  brought  them  to  a  greater  degree  of  perfection  ; . 
bi|t  being  informed  that  feveral  of  them  have  already,  by 
means  of  which  I  am  ignorant,  and  probably  in  a  mutilated 
ftate,  found  their  way  to  the  prefs,  any  further  delay  feems 
improper.  If  then  you  deem  the  prefent  communication 

worthy  a  place  in  your  interefiing  Journal,  it  is  entirely  at 
your  fervice. 


h 
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It  had  long  ago  occurred  to  me,  that  the  various  affinities  His  fufpicion 

which  take  place  among  the  gafes  under  the  common  preffure  ^at  tbe  affini- 
1  o  o  *  _  tics  of  the  gates 

of  the  atmofphere,  would  undergo  confiderable  alteration  by  would  be 
the  influence  of  conden  fat  ion  ;  and  the  fuccefs  attending  the  cbanged  by 
violent  method  adopted  by  the  French  chemifis,  which  vio-  ornPieffion* 
lence  did  not  appear  to  me  requifite,  afforded  additional  en¬ 
couragement  to  my  undertaking  Tome  experiments  upon  the 
fubjeft. 

I  communicated  this  to  the  late  chemical  operator  in  the 
Royal  Inffilution,  a  gentleman  eminently  converfant  in  the 
lcience,  and  with  whom  I  was  then  engaged  in  a  Tories  of 
experiments  :  he  not  only  approved  of  my  defign,  but  Teemed 
to  think  it  not  improbable  that  an  extent! ve  field  might  thus 
be  opened  to  future  difeoveries.  Whether  thefe  opinions  are 
juftly  founded,  is  now  left  tor  you.  Sir,  and  the  public  to 
judge. 

In  entering  upon  a  field  entirely  new,  obfiacles  were  of  D^cu]t*es  0f 
courfe  to  be  expected  :  nor  without  reaton  ;  tor  though  I  had  the  undertaking 
applied  to  one  of  the  moft  eminent  philofophical  inftrument-  inftru 

makers  in  London,  Mr.  Cuthbertfon,  yet  I  began  to  fear, 
even  at  the  outfet,  that  his  tkill  would  be  fet  at  defiance. 

The  firft  inftruments  which  he  made  for  the  prefent  purpofe  Condenfing- 
were,  a  brafs  condenting-pump,  with  a  lateral  fprir.g  for  pump, 
the  admiffion  of  the  gas  by  means  of  ltop-cock  and  bladder ; 
two  pear-fhaped  receivers,  one  of  metal  of  the  capacity  of  Receivers, 
feven  cubic  inches,  and  another  of  glafs  of  about  three  and  a 
half :  thefe  were  connedled  by  a  brafs  ftop-cock,  having  a 
ferew  at  each  end.  The  metallic  receiver  was  foon  found  to  Various  objec- 
be  of  little  or  no  utility,  as  well  on  account  of  its  liability  to  flons# 
be  a£ted  upon  by  the  generated  acids ;  its  being  too  capacious, 
and  thus  confuming  too  large  a  quantity  of  gas:  as  becaufe, 
though  the  refult  of  an  experiment  might  thus  be  known,  yet 
the  changes  which  the  fubje6ls  might  undergo  would  necef- 
farily  efcape  obfervation.  The  glafs  receiver  obviated  all 
thefe  difficulties,  and  one  or  two  imperfect  experiments  were 
performed  with  it;' but  the  flop-cock  fpeedily  failed  in  its 
effecl.  For  the  power  of  the  coriipreffed  gafes  was  To  great, 
partly  from  their  elafticity,  and  partly  (where  affinities  had 
operated)  from  their  corrofive  quality,  as  abfolutely  to  wear  a 
channel  in  the  metal  of  which  the  plug  was  maefo,  and  thus 
Vol.  XII. — Supplement.  Bb  to 
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to  effe<5l  their  efcape.  But  not  to  trouble  you  any  further 
with  tlie  obftacles  (hat  occurred,  and  which  are  mentioned 
only  to  prevent  unnecedary  expence  to  others,  I  have  at  laft, 
by  Mr.  Culhbej  tfon’s  afliftance,  procured  a  conne61ing-tube, 
to  which  a  fpring-valve  is  adapted  that  has  hitherto  anfwered 
every  purpofe.  See  Plate  XI V.  Fig.  2,  3,  4,  5,  6. 

^wuTdT  the  ThC  inftruments  which  I  now  ufe,  are,  1ft.  An  exhaufting 
author.  *  fyringe ;  2d.  A  condenfing-pump,  with  two  lateral  fprings  for 

Pump.  different  gates ;  3d,  1  he  connecting  fpring-valve  ;  and  laftly, 

glafs  receivers,  which  fhould  have  been  of  various  fizes,  but 
the  one  mentioned  above  having  burft,  that  which  I  have 
Glafs  receiver,  principally  ufed  in  the  following  experiments,  is  of  about  five 
cubic  inches  and  a  quarter  in  capacity,  and  made  ot  glafs  well 
annealed  and  a  quarter  of  an  inch  in  thicknefs.  Befides  thefe 
intlruments,  1  have  occafionally  applied  Mr.  Cuthbertfon’s 
Syphon  gage.  double  fyphon-gage  ( See  Fig.  6),  by  which  the  number  of 
atmofpheres  condenfed  in  the  receiver,  or  rather  the  elafiic 
power  ot  the  gates,  may  be  meafured  ;  but  this  is  rendered 
of  Ids  fervice,  becaule  a  flop. cock  mu  ft  then  be  placed  be¬ 
tween  the  receiver  and  fpring-valve,  which  frequently  impairs 
the  vn  hole  experiment;  and  alfo  becaufe,  after  a  certain  de¬ 
gree  ot  condenfation,  and  more  particularly  upon  the  admix¬ 
ture  of  the  gafes,  new  affinities  ufually  take  place,  which  tend 
Eighteen  at-  to  diminiffi  the  elafticity  :  the  greateft  number  of  atmofpheres 

compreffion.  my  gage  has  yel  mealured>  «*  eighteen.  Thefe,  Sir,  with  ' 
feme  bladders  and  ftop-cocks,  various  iron  ferew-keys,  and  a 

wooden  guard  for  the  legs  in  cafe  of  burfting,  conftitute  the 
principal  part  of  the  reqaifite  apparatus. 

I  now  proceed  to  the  experiments,  premifing  that  the  firft 
four  were  made  with  the  imperfect  apparatus,  when  the  gas 
was  continually  making  its  efcape  through  the  ftop-cock. 

Experiment  I. 

Exp.  i.  Hidro-  Into  the  glafs  receiver,  of  three  cubic  inches  and  a  half 

fnd’dtrogen  caPac%»  were  compreffed  in  the  following  order  :  Hidrogen, 
gave  water,  and  two  (wine)  pints  ;  oxigen,  two  pints  ;  nitrogen,  two  pints. * 
probab!y  nitrous  The  refult  Was,  water  which  bedewed  the  infide  of  the  re¬ 
ceiver;  white  floating  vapours  (probably  the  gateous  oxide 

*  Thefe  gafes  therefore  occupied  about  five  times  the  capacity 
they  were  condenfed  into. — N. 
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of  nitrogen)  ;  and  an  acid  which  reddened  litmus  paper.  Mr. 

Accum  was  prefent  at  this  experiment,  and  from  his  opinion, 
as  well  as  from  fucceedin.;^  experiments,  1  havereafon  to  think 
that  this  acid  is  the  nitric. 

Experiment  II. 

As  a  difference  of  arrangement  in  the  order  of  the  gafes  Exp.  a.  The 
tends  confiderably  to  vary  the*  refult,  I  repeated  the  ^ormer  ^Tgen  firV.  ^ 
experiment  (having  firft  poured  a  little  lime-water  into  the 
receiver)  by  injecting  firft  the  oxigen,  about  three  pints,  then 
equal  quantities  of  hidrogen  and  nitrogen.  Much  of  this  gas 
efcaped,  owing  to  the  imperfection  of  the  inftrument;  but 
upon  the  aftufion  of  the  nitrogen,  the  white  vapours  again 
appeared  in  the  receiver  ;  water  feemed  likewife  to  be 
formed ;  and  fome  yellow  particles  were  feen  floating  upon 
the  lime-water.  Thefe  particles  probably  arofe  trom  the  re- 
tinous  fubftance,  ufed  in  fattening  on  the  cap  of  the  receiver, 
being  diflolved  by  the  nitrous  gas  formed  during  condenfation, 

I  would  juft  obferve,  that  the  magnet  feemed  to  be  affefted 
during  this  experiment ;  but  as  there  is  iron  ufed  in  the  ma¬ 
chine,  this  may  be  otherwile  accounted  for. 

Experiment  III. 

Two  pints  of  carbonic  acid,  and  two  of  hidrogen,  were  Exp.  3.  Carbo- 

*  0  •  J  U* 

fubjedted  to  condenfation.  The  refult  was,  a  watery  vapour,  ^Watcr 

and  a  gas  of  rather  offenfive  fmeil,  and  a  changed 

gas. 

Experiment  IV.  *  t 

Trying  to  inflame  phofphorus  by  the  condenfation  of  at- Exp.  4.  Phof- 
mofpheric  air,  the  bottom  of  the  machine  (where  it  had  beenP^j^^  C°n-* 
repaired)  burft  out  with  an  explotion.  This  happened  when 
I  had  immerfed  the  apparatus  in  water  to  difeover  where  the 
air  efcaped.  The  receiver  was  full  of  the  fumes  of  the  phol- 
phorus,  which  was  itlelf  clifperfed  in  the  veil'd  of  water* 

I  afterwards  repeated  this  experiment  with  the  more  perfect 
apparatus,  but  I  could  not  inflame  the  phofphorus,  and  the 
fumes  which  arofe  at  tirft  foon  difappeared.  There  was  juft 
enough  acid  (probably  phofphoric)  formed  on  the  infide  of 
the  receiver  to  tinge  litmus. 


B  b  2 
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Exp.  5.  Repe¬ 
tition  of  Exp.  1. 
with  better  ap¬ 
paratus. 


Exp.  6.  Nitro 
gen  (firft)  and 
then  hidrogen 
and  oxigen. 


Exp.  7.  The 
fame,  but  diffe 
rent  arrange¬ 
ment. 


Exp.  8.  Nitro¬ 
gen  over  lime- 
water. 


Experiment  V. 

Having  now  the  fpring-valve,  and  new  receiver  of  five 
cubic  inches  and  a  half  capacity  *,  I  poured  in  two  fcruples 
of  folution  of  potafh,  and  then  injedled  two  pints  of  hidrogen, 
two  of  nitrogen,  and  three  of  oxigen.  This  quantity  was 
hardly  fufficient  for  the  capacity  of  the  receiver,  and  the  re* 
fult  was  only  a  fmell  of  the  gafeous  oxide  of  nitrogen,  a  few 
yellowifh  fumes,  and  fcarce  enough  acidity  to  tinge  the  edge 
of  the  tell:  paper :  of  courfe,  I  could  not  effect  the  formation 
of  nitrate  of  potafh. 

Experiment  VI. 

I  now  determined  to  begin  with  the  nitrogen,  which  al¬ 
ways  appeared  to  me  to  undergo  the  inoft  important  chemical 
changes,  and  therefore  inje&ed  two  pints  of  nitrogen,  three 
of  oxigen,  and  two  of  hidrogen.  Upon  the  condeulation  of 
the  nitrogen,  it  fpeedily  affumed  an  orange-red  colour,  which 
upon  the  accefiion  of  the  oxigen,  gradually  diminifhed,  and 
at  length  difappeared,  though  at  firft  it  feemed  rather  deeper. 
A  moift  vapour,  coating  the  infide  of  the  receiver,  arofe  upon 
the  compreffion  of  the  hydrogen,  w  hich  moifture  was  ftrongly 
acid  to  the  tafte,  coloured  litmus,  and,  when  very  much  di¬ 
luted  with  water,  acted  upon  lilver. 

Experiment.  VII. 

Nearly  the  fame  as  the  laft,  but  with  different  arrangement. 
The  nitrogen,  three  pints  and  a  half,  was  firft  introduced; 
then  the  oxigen,  tw  o  pints  ;  and  next  the  oxigen,  three  and 
a  half.  The  nitrogen  formed  the  orange-red  colour  as  before  ; 
the  hidrogen  produced  white  clouds  at  firft  (qnare  ammonia?) 
which  afterwards  difappeared,  and  the  orange-red  colour  be¬ 
came  lighter;  but  upon  the  affufion  of  the  oxigen,  the  colour 
did  not  difappear  as  in  the  laft  experiment,  but,  if  any  thing, 
became  darker.  I  then  injected  two  pints  more  cf  hidrogen, 
but  this  had  little  or  no  effect  upon  the  colour.  Some  vapour 
was  generated,  w  hich  was,  as  ufual,  ftrongly  acid. 

Experiment  VIII. 

Previous  to  the  burfting  of  the  fmall  receiver,  I  had  put  in 
it  a  fcruple  of  lime,  and  condenled  upon  it  three  pints  o 

4  *  One  fifth  part  of  a  pint  very  nearly.— N. 

nitrogen. 
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nitrogen.  The  refult  was,  a  little  reddifh  colour  at  firft* 
which  foon  vanitlied.  Upon  repeating  this  experiment  in  the 
large  receiver,  I  could  produce  no  colour  at  all.  In  my  pre. 
lent  date  of  knowledge  I  am  unable  to  account  for  this  cir- 
cumftance  ;  but  as  foon  as  I  get  my  new  receivers  ot  a  tmaller 
capacity,  I  mean  to  repeat  the  experiment. 

Befides  the  above,  I  have  made  various  other  experiments 
with  different  gafes,  but  I  think  it  right  to  repeat  them  with 
greater  accuracy  before  I  fubmit  them  to  the  eye  ot  the  public : 
if  upon  that  repetition  they  appear  to  me  to  be  attended  with 
refults  of  fufficient  importance  to  occupy  a  place  in  your 
Journal,  I  will  take  the  liberty  of  communicating  them  to  y  ou, 
and  am.  Sir, 

Your  mod  obedient  fervant, 

THO.  NORTHMORE. 

*  -  / 

P.  S.  I  think  it  neceflary  to  add,  that  during  the  courfe 
of  (he  above-mentioned  experiments,  there  was  a  great  varia¬ 
tion  of  temperature  in  the  atmolphere,  from  the  heat  ot  70 
degrees  ot  Fahrenheit  to  the  cold  ot  33. 

Explanation  of  the  Figures,  by  Air.  Cuthbertfdn, 

Fig.  2,  3,  4,  5.  Plate  XIV.  reprefents  fections  of  the  fe- Defcription  of  a 
veral  parts  of  the  fpring-valve  for  the  condenfing  fy ringe  ;  a  is  con~ 

a  female  fcrew,  intended  to  receive  the  male  at  the  end  of 
the  fyringe ;  b  is  a  fquare,  to  which  is  a  key  to  fcrew  it  per- 
fe<5tly  tight  to  the  fyringe  :  d,  Fig.  3.  is  a  female  fcrew  fitted 
to  the  male  c;  e  is  a  male  fcrew  fitted  to  the  female  of  the 
glafs  receiver ;  Fig.  4.  is  a  round  fieel  arbor,  turned  with  a 
conical  part  and  flat  fhoulder  at  a;  ab  is  a  fpiral  fpring;  Fig. 

5.  is  a  hollow  brafs  cylinder  ferving  as  a  cover  and  guide  to 
Fig.  4;  the  piece  Fig.  2.  has  a  fmall  hole  drilled  through  the 
center,  and  turned  out  at  the  end  c,  fo  as  to  fill  the  cone  a ,  Fig. 

4;  Fig.  3.  is  turned  out  at  /  fo  wide  as  to  receive  Fig.  5. 

If  the  plane  fhank  of  4  be  put  into  the  hole  a  c  till  its 
cone  fhut  clofe  into  the  hollow  cone  ate,  Fig.  2.  and  the  other, 
end  with  the  fpiral,  covered  by  Fig  5.  ferewed  tight  upon  the 
flat  end  of  c,  and  d  be  ferewed  to  c,  all  the  joints  being 
properly  fupplied  with  oil,  and  leathers,  it  is  fitted  for  ufe. 

Fig.  6.  Reprefents  a  feftion  of  the  condenfing  or  double 
fyphon  gage,  being  a  glals  tube  bent  into  the  torm  ot  the 

figures. 
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figures,  (lie  end  a  is  mounted  with  a  brafs  fcrew,  having  a 
hole  through  it  corresponding  with  the  infide  of  the  tube,  the 
leg  b  c  is  filled  with  mercury,  and  d  is  hermetrically  fealed ; 
dc  is  divided  into  atnaolpheres. 


XT. 

Account  of  a  Graphomotor  for  mcafuring  the  Angles  of  Cryftah 
In  a  Letter  from  Air.  Rojjlkt  Banc  ks,  No.  41  1,  Strand. 

To  Mr.  NICHOLSON. 

SIR,' 

^ \\ i n'gu i Hi m g  ^  ^  not  P°'nt  011 t  ^  you,  and  to  the  learned  readers 

minerals  by  their  °t  your  Journal,  how  great  the  advantage  w  ill  be,  whenever 
*^ure’  the  fame  may  be  realized,  of  diftinguifhing  Iubje61s  of  the 

mineral  kingdom  by  their  external  appearance.  This  has 
Jong  been  done,  with  confiderable  precifion,  by  operative 
men  who  have  acquired  their  Ikili  from  continued  practice, 
but  without  being  able  to  communicate  the  knowledge  they 
polfets  by  any  iimple  indications,  fuch  as  might  be  given  in 
writing,  or  through  the  medium  ot  the  prefs.  Neither  need 
I  on  this  occafion  point  out  how  much  we  are  indebted  to  the 
Cryftallography.  labours  of  Bergman,  Rome  d6  Title,  and  above  all,  Haiiy, 
for  fcientific  invefiigations  of  the  forms  of  cry  Hals,  which 
at  prefent  bid  fair  to  afford  us  criterions  of  the  mofl  extenfive 
u!e.  My  prefent  objeft  is  to  communicate  what  I  hope  will 
be  thought  one  fiep,  however  fmall,  towards  facilitating  the 
admeafurement  of  their  angles.  In  your  firft  vol.  at  page  132, 
you  have  given  an  account  of  the  graphomeler  of  Carangeau, 
which  is  now  confiderably  known  and  efieemed.  I  have 
rendered  that  infirument  toinewhat  cheaper,  and  eafier  in  the 
execution,  and  more  correct  in  its  ufe.  For  the  fake  of  thole 
who  may  not  have  that  volume  at  hand,  I  fiiall  briefly  Hate, 
that  the  inftrument  confifts  of  a  femi-circle,  like  that  which 
I  am  about  to  defcribe,  and  a  pair  of  compares  or  legs  having 
their  centre  in  the  centre  of  the  femi-circle,  but  capable  of 
having  their  points  drawn  back,  fo  as  to  admit  of  their  ap¬ 
plication  to  any  Imall  cryflals.  The  arc  of  the  femi-circle  is 

divided 


Carangeau’s 
grjnhometer  for 
cryft^ls. 


ACCOUNT  OP  A  GRAPHOMETER* 


375 


divided  into  two  quadrants  by  an  hinge,  fo  that  one  part  may 
be  turned  back  out  of  the  way  of  any  mineral,  which  may 
require  to  be  brought  up  towards  the  centre  for  admeafure- 
ment ;  and  the  fame  arc  can  afterwards  be  reftored  to  its 
place,  in  order  to  fhew  the  degree  and  fraction  of  the  angle. 

I  n  my  improved  inftrument  I  avoid  this  joint,  and  obtain  Improved  gra- 
a  much  firmer  framing  by  making  my  arc  in  the  form  of  a  femT^cIrcle 
protractor,  as  in  Fig.  1.  Plate  XV.  having  an  hollow  centre  at  entire,  and  the 
A,  and  a  dud  at  B,  both  lying  in  the  direction  of  that  C0F“Pa^es  or 
diameter  which  terminates  the  graduations.  The  compafies,  feparately  for 
or  radii,  or  legs,  are  fnewn  in  Fig.  2.  feparate  from  the  arc.  meafuring  the 
Their  centre  C  is  made  like  thofe  of  the  common  proportional  appUed  to^the 
compafies,  and  admits  of  the  legs  C  D,  C  F  being  confider-  femicircle  for 
ably  lengthened  or  fhortened  when  the  two  pieces  are  applied reading 
to  each  other.  D  E  the  fixed  leg  is  reprefented  as  beneath 
F  G  the  moveable  leg  or  radius,  and  the  lower  end.  of  the 
centre  pin  is  made  to  fit  the  hole  A  precifely,  at  the  lama 
time  that  the  fiud  at  B  being  admitted  into  the  long  perfora¬ 
tion  towards  E,  the  piece  D  E  becomes  fteadily  attached  to 
the  femi-circle,  as  is  feen  in  Fig.  3. 

The  ufe  is  obvious.  The  cryllal  mu  ft  be  meafured  by  the 
detached  compafies  as  in  Fig.  2,  which  are  much  more  handy 
for  all  deferiptions  of  minerals  than  Carangeau's  entire  in- 
ftrument ;  and  when  thu3  fet,  if  fig.  2  be  applied  to  fig  I, 
a*  before  directed,  the  angle  will  be  read  of  at  the  fiducial 
edge  of  G. 

I  hope  you  and  your  readers  will  confider  this  as  the  ufeful 
fimplification  of  a  valuable  inftrument,  and  fhall  be  happy  to 
receive  your  lanCtion  by  its  appearing  in  a  work  fo  generally 
known  and  efteemed  as  your  Journal. 

I  am,  Sir, 

» •  * 

Your  obedient  Servant, 

.ROBERT  BANCKS, 

JVov.  I,  1805. 
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Philosophical  FranJaSlions  of  the  Poyul  Society  of  London  for 
1805.  Port  II.  Quarto  353  pages ,  with  an  Index,  and  Sii 
Plates,  Nicoll. 

Fhilofophical  This  part  contains  the  following  communications,  I. 
the  Royal  Abffradl  of  Obfervations  on  a  Diurnal  Variation  of  the  Baro- 

Society.  meter  between  the  Tropics.  By  J.  Horflburgh,  Efq.  2. 

Concerning  the  Difference  in  the  Magnetic  Needle,  on  board 
the  Inveftigator,  ariling  from  an  Alteration  in  the  Direction 
of  the  Ship’s  Head.  By  Matthew  Flinders,  Efq.  Commander 
of  his  Majeffy’s  Ship,  Inveftigator.  3.  The  Phyfiology  of 
the  Stapes,  one  of  the  Bones  of  the  Organ  ot  Hearing  ; 
deduced  from  a  comparative  View  of  its  Structure,  and  Ufes 
in  different  Animals.  By  Anthony  Carlille,  Efq.  F.  R.  S. 
4,  On  an  Artificial  Subffance  which  poffetles  the  principal 
Characleriffic  Properties  of  Tannin.  By  Charles  Hatchett, 
Efq.  F.  R.  S.  5.  The  Cafe  of  a  full  grown  Woman  in  whom 
the  Ovaria  were  deficient.  By  Mr.  Charles  Pears,  F.  L.  S. 
6.  A  Defcription  of  Mal-formation  in  the  Heart  of  an  Infant. 
By  Mr.  Hugh  Chudleigh  Slandart.  7.  On  a  Method  ot  ana¬ 
lyzing  Stones  containing  fixed  Alkali,  by  Means  of  the  Boracic 
Acid.  By  Humphry  Davy,  Eiq.  F.  R.  S.  8.  On  the  Direc¬ 
tion  and  Velocity  of  the  Motion  of  the  Sun  and  Solar  Syftem. 
By  William  Herfchel,  L.  L.  D.  F.  R.  S.  9.  On  the  re- 
produflion  of  Buds.  By  Thomas  Andrew  Knight,  Elq. 
F.  R.  S.  10.  Some  Account  of  Two  Mummies  of  the 
E'gvptian  Ibis,  one  of  which  was  in  a  remarkable  perfect 
Stale.  By  John  Pearfon,  Efq.  F.  R.  S.  1 1 .  Obfervations 
on  the  fingular  Figure  of  the  Planet  Saturn.  By  William 
Herfchel,  L.  L.  D.  F.  R.  S.  12.  On  the  Magnetic  At¬ 
traction  of  Oxides  of  Iron.  By  Timothy  Lane,  Etq.  F.  R.S. 

13.  Additional  Experiments  and  Remarks  on  an  Artificial 
Subffance,  which  poffeffes  the  principal  Chara&eriftic  Pro¬ 
perties  of  Tannin.  By  Charles  Hatchett,  Efq.  F.  R.  S. 

14.  On  the  Difcovery  of  Palladium,  with  Oblervations  on 
other  Subftances  found  with  Platina.  By  William  Hyde 
Wollafton,  M.  D.  F.  R,  S.  15.  Experiments  on  a  Mineral 
Subffance,  formerly  fuppofed  to  be  Zeolite,  with  fame  Re¬ 
marks  on'  Two  Species  of  Uran-glimmer.  By  the  Rev- 
William  Gregor. 
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TranfaSiions  of  the  lloyal  Society  of  Edinburgh  (being  the  Con-  Tranfa&ions  of 
linuation  of  Part  II.  together  zvith  Part  III .  of  the  Fifth  de^ofEdin- 
Volume)  Edinburgh  Quarto  100  pages  Continuation  of  Part  burgh. 

II,  and  126  Pages,  Part  Ill .  Aro  Plates. 

THE  heads  of  memoirs  and  communications  made  to  the 
Society  fince  their  lad  publication  are  difquifitions  on  the 
origin  and  radical  fenfe  of  the  Greek  prepofitions,  by  Mr. 

James  Bonar,  and  experiments  on  the  contradtion  of  water 
by  heat,  by  Dr.  Thomas  Charles  Hope.  Thefe  tvvo  papers 
of  which  the  latter  is  inferted  in  our  Supplement,  complete 
the  fecond  part :  and  the  third  part  contains  the  hidory  of  the 
Society  confiding  of  the  following  articles.  1.  Of  the  Diurnal 
Variations  of  the  Barometer,  by  Mr.  Playfair.  2.  Aurora 
Borealis  oblerved  in  Day-Light,  by  the  Rev.  D.  Patrick 
Graham.  3.  Phenomenon  of  Two  Rain-Bows  interfering 
©ne  another,  by  Mr.  Playfair.  4.  On  the  Combuftion  of 
the  Diamond,  by  Sir  George  Mackenzie,  Bart.  5.  Remarks 
on  the  Bafalts  of  the  Coad  of  Antrim,  by  the  Rev.  Dr. 

Ricbardfon.  6.  Rule  for  reducing  a  Square  Root  by  a  con¬ 
tinued  Fradtion,  by  James  Ivory,  Efq.  7.  Singular  Variety  n 
of  Hernia,  by  Mr.  Rudel.  8.  Concerning  the  Chartreufe 
of  Perth,  by  the  Abbd  Mann.  9.  Explanation  of  the  Old 
Word  Skull  or  Skoll,  by  the  Rev.  Dr.  Jamiefon.  10.  Bio*- 
graphical  Account  of  the  late  Dr.  James  Hutton,  by  Mr. 

Playfair.  11.  Minutes  of  the  Life  and  Charadler  of  Dr#  , 

Jofeph  Black,  by  Dr.  Fergufon.  12,  Appendix  Lift  of 
Members  elected  fince  the  Publication  of  the  laid  Volume. 

13.  Lid  of  Donations. 


Academical  Injiitutions  in  America . 

THREE  Inditutions  for  the  promotion  of  Natural  Phy- 
fofophy  and  the  Arts,  having  been  edablidied  in  the  united 
Rates  of  America,  not  many  months  ago,  of  which  no  notice 
has  hitherto  appeared  in  this  work,  it  is  hoped  the  following 
account  of  them  w  ill  not  be  unacceptable. 

The  fird  is  an  Academy  of  the  Fine  Arts,  of  which  the 
fird  idea  is  due  to  Mr.  Livingdon  :  The  public  were  fo 
fendble  of  its  importance,  that  long  before  the  arrival  of  the 
Vol.  XII. — Supplement.  C  c  plaiftcr 
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plairter  of  Paris  carts,  which  he  preferred  to  the  infant 
Society,  the  number  of  fubfcribers,  at  25  piarters  each, 
amounted  to  1 80. 

The  fecond  Inflitution  is  a  Botanic  Garden  in  the  neigh¬ 
bourhood  of  New-York  ;  as  yet  but  a  fmall  part  of  the 
treafures  of  the  vegetable  kingdom  are  to  be  feen  in  it,  but 
the  admirers  of  botany  harten  to  fend  to  it  every  intererting 
plant  which  is  to  be  found  in  their  vicinity.  The  charter  of 
incorporation  of  the  fubfcribers,  is  entirely  conformable  to 
the  views  of  the  founders  of  this  garden  of  plants,  and  ac¬ 
cording  to  curtom,  enfures  the  permanency  of  the  ertablirti- 
tnent  :  when  the  hot  houfes  are  finifhed,  it  is  expected,  that 
the  collection  of  every  thing  rare  and  molt  intererting,  pro¬ 
duced  by  the  fouthern  ftates,  will  be  compleated. 

The  third  Inftitution  is  an  agricultural  fociety,  ertablifhed 
dt  Wafhington,  under  the  fpecial  proteftion  of  government. 
The  prefident  of  the  United  States,  who  is  a  molt  enlightened 
agriculturirt,  the  chief  men  of  the  adminiftration,  the  fena- 
tors,  •  and  the  deputies  of  congrefs,  are  all  members  of  it 
officially.  The  fociety  being  now  wealthy  from  the  fums 
granted  by  government,' and  the  numerous  fubfcriplions  of 
affociates  and  correfpondents,  have  purchafed  an  handfome 
houfe,  and  a  farm  of  thirty  acres ;  they  have  alfo  began  a 
library  ;  and  are  in  poffieffion  of  the  fine  cohesion  of  ploughs, 
and  other  infiruments  of  Agriculture,  which  formerly  be-* 
longed  to  general  Wafhington  :  the  form  of  its  adminirtration, 
the  number  and  the  fucceflion  of  its  members,  the  capital 
which  *it  may  polfefs  (fpecified  “in  bufhels  of  corn)  and  its 
whole  organization  is  regulated  by  its  charter  of  incorpora¬ 
tion;  which  confiitutes  this  affociation  a  body  politic,  and 
fixes  the  perpetuity  of  its  continuation;  It  is  reported,  that 
the  anfwers  which  it  returned  to  the  numerous  quefiions 
propofed  by  the  focieties  of  the  different  ffates  foon 
after  its  eftabhfhment,  will  form  a  very  intererting  work’ 
which  will  foon  be  publifbed, 
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Criterion  of  Life . 

Dr.  STRUVE  has  contrived  an  apparatus  which  is  men-  Criterion  of 
tinned  in  the  foreign  Journals,  but  not  defcribed.  The Lifc* 
object  of  its  application!  is  to  (hew  by  means  of  galvanifm, 
whether  the  appearance  of  death  be  real;  a  purpofe  fuf- 
ficiently  intereding  to  every  human  being,  who  has  for  a 
moment  reflected  on  the  fatisfaCtion  which  recovery  from 
apparent  death  mud  give  to  the  friends  and  relatives  of  the 
individual  fuppofed  to  be  dead  ;  and  on  the  dill  more  im- 
piedive  and  dreadful  incident  of  recovery  after  burial.  Our 
galvanic  and  anatomical  philofophers  will  find  no  difficulty  in 
applying  this  powerful  agent  to  fo  good  a  purpole,  in  which 
the  learned  DoCtor  has  the  merit  of  taking  the  lead, 


Mr.  SESSKEN  who  has  fuccefsfully  laboured  in  the  con- 
ftruction  of  a  reflecting  telelcope  of  thirteen  feet  focus,  has 
lately  fupplied  the  Obfervatory  at  Lilienthal,  with  two  mirrors 
of  fifteen  feet  focus  and  eleven  inches  aperture,  which  prove 
to  be  excellent,  and  bear  the  magnifying  power  of  2000 
very  well,  on  the  proper  objects,  and  at  fuch  feafons  as  are  fit 
for  making  obfervations  of  this  nature. 


Numbering  of  Houfcs . 

A  NEW  mode  of  numbering  houfes  has  lately  been  ^ 

adopted  at  Paris,  which  is  attended  with  much  advantage, 
and  deferves  to  be  followed  in  this  country.  Over  each  door 
the  numbers  are  painted  in  large  diftinCt  characters,  and  in 
confpicuous  colours;  they  3re  generally  either  brown  or 
red,  on  a  yellow  ground,  furrounded  by  a  blue  fquare  ;  but 
the  principal  Angularity,  wrhich  is  the  object  of  this  notice, 
is,  that  all  the  odd  numbers  are  placed  at  one  fide  of  the 
ffreet,  and  the  even  numbers  at  the  other;  by  which  means, 
may  be  feen  at  once  on  entering  the  dreet,  at  which  dde  of 
the  way  the  houfe  is,  which  is  fought  lor ;  by  which  much 
time  may  be  faved,  not  only  by  its  making  it  unneceflary  ever 

to  crofs  the  dreet  more  than  once,  but  alfo  by  its  always 

preventing 
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preventing  the  trouble  of  returning  back  again  on  the  other 
•fide  of  the  ttreet  from  that  already  patted,  to  find  a  particular 
number,  which  often  happens,  where  the  old  method  of 
numbering  is  ufed,  from  the  order  of  the  numbers  proceeding 
regularly  down  one  fide  of  the  ttreel,  and  back  again  in  the 
reverfed  diredion  on  the  other ;  and  which,  when  the  ttreets 
are  very  long,  as  many  are  in  this  metropolis,  is  often  at¬ 
tended  with  ferious  inconvenience ;  but  in  the  new  method  of 
numbering,  this  can  never  occur,  as  in  it  the  numbers  pro¬ 
ceed  in  the  order  of  progrettion  in  the  fame  direction  at  both 
£des  of  the  ttreet. 
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Aberdeen,  in  want  of  a  public 

library,  and  the  advantages  which  might 
be  derived  from  fuch  an  eftabliihment, 
267 

Abeenethy,  250 
Abforption  of  water  in  foils,  85 
Achard,  M.  on  a  new  mode  of  obtaining 
fugar  from  beet-root,  259 
Acids,  manufactories  of,  how  far  pre¬ 
judicial  to  the  health  of  the  neighbour¬ 
hood,  126 
Aeroftation,  298 

Air,  atmofpheric,  new  experiments  on 
the  refpiration  of,  249. — Diminution 
of  in  the  procefs,  251 
Air-pump,  on  a  new  conftruCtion,  305 
Alligator  of  North  America,  turbid  Rate 
of,  131 

American  animal,  called  Jagifho,  account 
of,  139 

American  Indians,  on  their  fuppofed 
Welch  origin,  181.  — »•  Improbabilities 
attending  the  idea,  187 
Analyfis  of  meteoric  ftones,  3. — Of  mu¬ 
riatic  acid,  58. — Of  foils,  8j. — Of 
porcelain  earth,  277. — Of  magnefian 
earth  of  Baudifl'ero,  32.0. — Of  fac¬ 
titious  puzzolana,  336 
Animal  exertion  and  mechanic  power 
compared,  as  to  their  identity,  8 
Antoni,  42 

Aqua-fortis,  diftillation  of,  127 
Arabic  antiquities  in  Spain,  301 
Arcy,  Chevalier  de,  41 
Agronomical  prize,  Lalande’s,  142 
Aftronomy,  297 
Afhburner,  Mr.  171 
Attraction  of  deliquefcent  falts,  table  of, 
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Azote  nccefiary  for  the  flow  combuftion 
of  phofphorus,  250. — Experiments  to 
determine  how  much  is  abforbed  in  the 
procefs  of  refpiration,  252.-— Remarks 
on  its  ufes,  253 

B. 

Bailbet,  52 

Balance,  variations  of,  method  of  re¬ 
gulating,  56 

Bancks,  Mr.  R.  his  initrument  for  mea- 
furing  the  angles  of  cryflals,  374 
Banff,  in  want  of  a  public  library,  26S 
Banks,  Sir  Jofeph,  reference  to  his  pam¬ 
phlet  on  the  blight  in  corn,  145 
Barberry  bufh  productive  of  blight  in 
corn,  145.— -Doubt  whether  this  dif* 
eafe  affeCts  the  grain,  146,  154 
Bartholomew’s  Hofpital,  leCtures  at,  61 
Burton,  Dr.  on  the  torpid  Rate  of  the 
North  Ametican  Alligator,  13 1 
Bartram,  Mr.  132,  194 
Baudiffero,  magnefian  earth  of,  284, 
32° 

Baume,  278 

Beaunier  and  Gallois,  experiments  made 
by,  with  water  blowing  machines,  48 
Bedford,  Duke  of,  193 
Beet-root,  new  method  of  obtaining  fugar  \ 
from,  259 

Bellows  applied  with  the  reverberatory 
furnace  in  refining  iron,  38-— Cylin¬ 
drical  of  Namur,  52 
Bergman,  105,  374  , 

Bernouilli,  Mr.  99 
Berthier’s  prizes  in  fortification,  30 o 
Berthollet,  124,  249 
Berzelius,  on  Cerite,  105,  108 
Beyer,  Mr.  296 
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Bile,  on,  269.— Former  opinions  refpeCt- 
ing  erroneous,  ib.— New  experiments 
on,  270 

Biot,  M.  on  the  formation  of  water  by 
mere  corr.pieflion,  212.— His  exten- 
lions  of  the  theorems  in  the  horqjogium 
of  Huygens,  296 

Biagden,  Sir  Charles,  29. — On  the  ex* 
panfion  of  water,  343,  359,  362 
Blafting  Rocks,  improved  mode  of,  41, 
60. — Danger  of  the  old  method,  61. •— 
Farther  obfervations,  17 1 
Blight  in  com,  145,  149. — Frequently 
miftaken  for  £hri veiled  grain  premature¬ 
ly  reaped,  153 
Bohemian  Society,  34 
Bonvoifin,  on  the  Carneen  ftone,  or  Ca. 

cholong,  321 
Books,  new,  376 
Bofiu,  131 

Botanic  Garden  at  Copenhagen,  299 
Boulton  and  Watts,  174 
Botinet,  39 
Brale,  Mr.  124 

Bralle,  Mr.  his  new  prbeefs  for  fteeping 
hemp,  6f 
Breweries,  124 

Brauer,  Mr.  his  drawings  of  the  difeafes 
in  corn,  146 
Brugnatelli,  275 
Euffon,  it 4,  120 

Bulbous  root  ;,  compofition  of  foils  pi ftper 
for,  95. — Blown  in  water,  308 
Bunda  Language,  di <51  ionary  of,  30I 
Butter,  procefs  of  making,  219. — Purifi¬ 
cation  cf  by  fufion,  219 

C. 

Cadet,  on  the  deliquefcence  and  Ef- 
florefcenceof  falts,  240 
Canova’s  fculptural  exertions,  301 
Carangeau’s  graphometer  for  cryftals,  374 
Carbon,  gafeous  oxide  of,  experiments  on 
the  re lpi ration  of,  254 
Carbonate  of  potalh,  on  the  formation  of, 
374 


Carbonic  acid,  quantity  produced  in  ref* 
pi  ration,  254  . 

Cafeletta,  earth  of,  326 
Caftellmonte,  earth  of,  324 
Catgut  manufactories  prejudicial  to  the 
health  of  the  neighbourhood,  125 
Celtic  words  dilcoverable  in  the  American 
diale&s,  191 

Cerite,  experiments  on,  105 
Cerufe,  pure  and  beautiful,  143 
Chaptal,  on  manufactories  injurious  to 
health,  122.— Reference  to  his  che- 
miftry,  338 

Charkow,  Univerfity  of,  298 
Charts  printed  by  moveable  types,  300 
Cheneyix,  Mr.  on  artificial  tan.  327 
Childs,  Mr.  his  communication-  re- 
fpeCting  the  Welch  origin  of  a  tribe 
in  North  America,  183 
Chimney,  draft  of,  increafed  by  Steam,  2 
Chinefe  fire  works,  273 
Chromate  of  lead  and  filver,  diftblved  in 
nitric  acid,  144 

Circle,  dirifion  of  an  arch  of,  226 
Clapham  Church,  description  of  the 
'  fiame. work  by  which  the  roof  wa» 
railed,  176 
Claproth,  fee  Klaproth 

Mr.  his  portable  fleam- engine, 
174 

Clofe,  Mr.  W.  his  apparatus  for  raifing 
water,  16.— On  blafting  rocks,  171 
Cobalt,  pure,  method  of  obtaining  it, 
258 

Collenbufch,  Dr.  on  Turf,  364 
Colour  manufactories,  124 
Colour  for  marking  the  heads  of  pieces  of 
cotton  or  linert  in  the  rough,  206 
Colours,  abftraCt  of  a  memoir  on,  112. 

— Theory  of,  imported,  12 1 
Compafs  for  taking  bearings  in  a  chart, 
224 

Conducting  power  of  fluids,  obfervations 
and  experiments  on,  133 
Cooling,  experiments  on,  70 
Copenhagen,  botanic  garden  at,  299 
Corn,  dilealcs  of,  145. — Country  names 
ef,  147 
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Cornecn  Stone,  or  cacholong,  321 
Correfpondent,  a,  on  the  ftate  of  pro¬ 
vincial,  fcientilic  and  literary  i'ocieties, 
267 

Croune,  Dr.  his  difcovery  of  the  expan- 
fion  of  water  prior  to  freezing,  340 
Crow,  an  American,  Anecdotes  of,  194 
Cruickffiank,  Dr.  59 
Cumberland,  G.  Efq.  on  the  difeafes  of 
corn,  145. — On  a  project  for  extend¬ 
ing  roads  on  an  inclined  plane,  266 
Curaudeau,  M.  274 
Curriers’  fpentoil,  220 
Curwen,  Mr.  on  draining  lands,  177 
Cuthbertfon’s  improved  air-pump,  306, 
369 

D. 

Daiton,  Mr.  on  Count  Rumford’s  ex¬ 
periment  relating  to  the  denlicy  of  water, 
aS. — Remarks  on,  180. — Experiments 
on  fluids,  134,  343 

Davy,  H.  Efq.  on  the  analyfls  of  foils, 
81. — On  nitrous  oxide,  249,  255 
Decamdra,  Mr.  35 
Delauny,  Mr.  303 

Defcotils  on  the  decompcfition  of  fulphate 
of  lead  by  muriatic  acid,  221 
Devon  iron-works,  55 
Dcyeux’s  difcovery  of  artificial  tan,  327 
Difpatches,  propofed  method  for  expedi¬ 
tious  conveyance  of,  266 
Dodun,  M.  on  factitious  puzzolana,  331 
Draft  of  a  chimney  increafed  by  the  ad- 
mi  flion  of  fleam,  2 
Draining  land,  experiments  on,  177 
Du  Hamel,  233. — On  the  fap  of  trees, 
309,  Sec. 

Dundonald,  Lord,  on  the  analyfis  of  foils, 
Si 

Dye-houfes,  125 

E. 

Elecampaine  root,  experiments  on,  97 
EleCtric  fpark,  may  confift  of  light  driven 
fiom  compreflcd  ar,  214 


EleCtrical  machines,  improvement  in, 
103  . 

Electrical  conductors,  297 
Elkington,  Mr.  objections  to.  his  mode 
of  making  drains,  177 
Enquirer,  an,  on  inftances  of  wafteful 
negligence  in  certain  northern  fifhenes, 
269 

Excitability  of  the  parts  of  animals  by 
galvanifm,  100 

Fr 

F.  A.  his  account  of  thermometers  for 
regiftering  temperatures  in  the  abfence 
of  the  obferver,  215 

Faujas,  on  the  eruptions  of  ancient  vol¬ 
canoes,  331 

Fire-arms,  on  the  initial  velocity  of  pro¬ 
jectiles  difeharged  from,  41 
Fire-works  unknown  in  Europe,  def- 
cription  of,  273 

Fifher,  Mr.  his  improved  method  of 
blafting  rocks,  172 
Fluids,  conducting  power  of,  j 3 3 
Fogget,  M.  on  blafting  rocks,  60 
Force,  power,  rife  and  application  of  the 
terms,  8.— -Definition  of,  9 
Fortification,  prizes  in,  given  by  the 
French  minifter  of  war,  300 
Fofter,  Dr.  131 
Fothergil,  250 
Franklin,  Dr.  297 

Froft,  perpetual,  prevalent  in  the  abyfles 
of  the  ocean,  220 
Fryer,  Mr.  Michael,  225 


Gallois,  fee  Beaunler. 

Galvanifm,  59. — New  difcoverles  in,  99 
Gafeous  oxide  of  carbon,  fee  carbon 
Gales,  compreflcd,  affinities  of,  368 
Geneva,  Lake  of,  fudden  and  irregular 
fall  of,  198. — Explanations  by  various 
authors,  100. — Singular  appearance  of, 
b  x  202 
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202i— Objections  to  the  theories  quoted 
203.— Another  theory  offered,  204 

Geographical  dictionary  of  Ruffia,  303 
Geography,  297 
Geometry,  296 

Giddy,  Davies,  Efq.  M.  P.  on  the  in- 
vifcble  emilfionof  fleam  and  fmoke,  1. 
Remarks  on,  by  W.  N.  47 
Giefecke’s  propofed  expedition  to  Green¬ 
land,  299 

Gilding  on  metals,  detrimental  to  the 
health  of  the  workmen,  127 
Gilpin,  Mr.  his  experiments  on  the  ex- 
panfion  of  water,  343 
Giounetti,  Dr.  277 

Giobert  on  the  magnefian  earth  <*f  Baudif- 
fero,  277,  284,  320,  Sec . 

Goener,  301 
Goodwin,  250 

Gough,  John,  Efq.  on  the  divifion  of  an 
arch  of  a  circle,  225 
Graham,  Mr.  132 

Graphometer  for  meafuring  the  angles  of 
cryflals,  374 

Cravity,  weight  and  heavinefs  terms 
admitting  of  diftinClion,  14 
Greek  words  found  in  the  American  dia- 
IeCts,  19 1 

Greenland,  propofed  mineralogical  ex¬ 
pedition  to,  299 

Gregory,  Mr.  O.  on  mechanic  power,  in 
reply  to  Mr.  Hornblower,  7 
Griffith,  Maurice,  his  relation  refpeCting 
the  Welch  American  Indians,  183. — 
Obfervations  on,  187 
Orobert,  colonel,  his  machine  for  mea¬ 
furing  projeCtiles,  42,  45 
Gums  arabic  and  adracanth,  experiments 
on,  256 

Guyton,  Morveau,  on  manufactories  in¬ 
jurious  to  health,  122 

H. 

Halter,  Mr.  303 

Hajrding,  Mr.  obtaining  the  aftronoinical 


prize  of  Lelandc,  r42.— HIT  newly 
difeovered  ftar,  288 

Haflentratz,  J.  II,  on  the  aCt  of  b’Cnding 
wood,  30 

Hatchett,  Mr.  on  artificial  tan,  327 
Hauffman’s  experiments  to  afeertain  the 
beft  colour  for  marking  pieces  of  cotton 
or  linen,  206 
Hauy,  374 

Heat,  invefligations  rrfpcCling,  65,  72, 
54. — Apparatus  for  tranfmitting  down¬ 
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